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FORD, THERESA ANN, Ed.D. The Effect of Musical Experiences 
and Age on the Ability of Deaf Children to Discriminate 
Pitch of Complex Tones. (1985) Directed by Dr. James W. 
Sherbon. 115 pp. 
The purpose of this research was to investigate the 
ability of deaf children to discriminate pitch of complex 
tones. The research was designed to study the effects of 
age and school musical experiences on pitch discrimination 
and to identify possible relationships between pitch discri­
mination and other variables, including hearing levels, aca­
demic achievement, and home music background. 
A pitch discrimination test was designed to measure the 
difference limen for frequency (DLF) at 250 and 500 Hz. 
Subjects (ages 6 to 9 and 11 to 12) were selected from two 
residential schools for the deaf; one school included music 
classes in the curriculum. Information regarding prior 
musical experiences was elicited from subjects' parents and 
classroom teachers via written questionnaires. Audiometric 
data and achievement levels were obtained from school 
records. Programs in SPSSX were used to analyze data. 
Subjects demonstrated great variability in DLF sizes. 
The DLFs on the 250 Hz subtest ranged from 17.5 Hz to 
greater than 103 Hz; the median DLF was 39.9 Hz. On the 
500 Hz subtest, DLFs ranged from 26 Hz to greater than 
205 Hz; the median DLF was 86.2. The results of two-way 
ANOVA did not reveal any statistically significant 
differences between subjects when grouped by age and school. 
There were moderate to high positive correlations between 
DLF and hearing levels among the younger subjects; among 
older subjects, there was little or no correlation between 
DLF and hearing levels. A stepwise multiple regression 
identified the hearing level at 250 Hz to be the best 
predictor of DLF at 250 Hz and 500 Hz. 
Results suggest that deaf children may benefit from 
appropriate pitch-related activities. Implications for 
music educators include using music in lower registers, 
discriminating large changes of pitch, and allowing for 
language deficiencies through the use of concrete examples 
of pitch concepts and a variety of communication modes. 
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CHAPTER I 
INTRODUCTION 
American music educators have espoused the slogan 
"Music for Every Child" for many decades. Since the estab­
lishment of The Education for All Handicapped Children Act 
(P.L. 94-142) in 1975, that slogan has reflected the con­
cerns of music educators now faced with the responsibility 
of implementing music programs for children with special 
educational needs. P.L. 94-142 legislated that handicapped 
children should receive an education in the "least restric­
tive environment" (LRE), and although "mainstreaming" was 
not mandated, the LRE for many handicapped children is an 
integrated setting with "normal" children. 
Children with impaired hearing pose a special challenge 
to music educators. The term "hearing impaired" includes 
all categories of auditory impairments, while the term 
"deaf" generally indicates a hearing loss severe enough to 
adversely affect the educational process. Musical 
activities have been incorporated into educational programs 
for deaf children for over 100 years to achieve goals 
related to speech and language development, with one of the 
earliest reported cases being the work of Itard in 1802 
(Hummel, 1971; Solomon, 1981). However, music curriculums 
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that emphasize the intrinsic value of music are relatively 
new in the education of deaf children (Edwards, 1974; 
Robbins & Robbins, 1980; Sposato, 1982/1983). In a survey 
of public school music teachers, Damer (1979/1980) found 
that only 9% of the respondents had any previous experience 
teaching deaf students. Only 3% of the respondents 
considered themselves qualified to teach deaf students, but 
a majority of the teachers indicated a willingness to accept 
deaf students into music classes if appropriate inservice 
training and resources were available. 
Some music educators have proposed that deaf children 
should have the same opportunity for musical growth and 
development as hearing children (Edwards, 1974; Ford, 1983b; 
Robbins & Robbins, 1980). The capacity to perceive and 
assimilate vibrations as "music" resides in the brain, and 
although a hearing loss may impose limits on the extent to 
which musical potential is realized, a hearing disability 
itself does not negate the presence of innate musicality 
(Boothroyd, 1980). By focusing on strengths rather than 
weaknesses, a child who is deaf should be able to develop 
musical skills and concepts, leading to aesthetic growth 
through music. Sposato (1982/1983), however, concluded that 
music education curriculums for deaf children are of limited 
value when they fail to incorporate relevant data related to 
the nature of a hearing loss on music perception. Music 
learning is dependent on the perception of music; if music 
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educators are to implement meaningful music curriculums for 
deaf children in the LRE, they must be aware of how children 
with hearing losses receive and process musical sounds. 
A fundamental element in music learning is the ability 
to discriminate changes in pitch, defined as "the sensation 
resulting from relative placement of a sound on a high-low 
continuum" (Radocy & Boyle, 1979, p. 14). Audiologists, 
speech therapists, and educators of hearing-impaired 
children have been interested in pitch discrimination 
because of a possible relationship between the ability to 
discriminate changes in pitch and the ability to perceive 
and discriminate speech (Bradley, 1959; Di Carlo, 1962; 
Hayes, 1951; Shutts, 1950; Sommers, Meyer, & Furlong, 1969). 
In an effort to provide optimal auditory training for 
hearing-impaired children, studies have been conducted using 
pure tone (sine wave) stimuli. Researchers have reported 
that while pitch discrimination of hearing-impaired persons 
does not tend to be as developed as that of normal-hearing 
persons, subjects generally demonstrate a wide variance in 
individual abilities (Bradley, 1959; Gengel, 1969a; 
McCandless, 1959/1960; Shutts, 1950; Strizver, 1957; Turner 
& Nelson, 1982). 
Pitch is a psychological phenomenon most closely 
associated with the frequency of sound vibrations, but pitch 
may also be influenced by other physical qualities such as 
duration, intensity, and timbre. Musical tones are 
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traditionally complex tones comprised of many different 
simultaneous frequencies of differing intensities, and 
studies of the effect of complex wave forms on pitch 
perception have provided evidence that overtones (partials 
above the fundamental frequency) may be more important for 
the identification of pitch in certain frequency ranges than 
the fundamental frequency (Bilsen, 1973; Houtsma, 1971; 
Plomp, 1967; Ritsma, 1967). Sergeant (1973) suggested that 
the superior performance of subjects in discriminating small 
changes in frequency of complex tones as compared to the 
discrimination of pure tones may be attributed to the pres­
ence of overtones. Published research specifically related 
to the investigation of the ability of hearing-impaired 
persons to discriminate pitches of complex tones, however, 
is rare. 
Aside from the physical properties of sound, pitch 
discrimination ability is affected by age and practice. The 
conclusions of Madsen, Edmonson, and Madsen (1969) that age 
and musical training are related to pitch perception have 
important implications for music educators and educators of 
children with impaired hearing. Researchers have reported 
that after training, hearing-impaired persons were able to 
improve their ability to detect changes in the pitch of pure 
tones (Butler & Albrite, 1956; Gengel, 1969a; Turner & 
Nelson, 1982). If small changes in pitch are more evident 
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with complex tones, what effect does practice have on the 
ability of deaf children to discriminate musical (complex) 
tones? 
Purpose of the Study 
The purpose of this investigation was to study the 
ability of deaf children to discriminate pitch of complex 
tones. The main research questions were (a) what is the 
effect of participation in an ongoing school music program 
on pitch discrimination ability, and (b) what is the effect 
of age on pitch discrimination ability? A secondary 
question addressed the possible relationship between pitch 
discrimination ability and hearing level at specific 
frequencies within a population of deaf children. In 
addition, what other factors such as academic achievement 
levels or musical environment in the home may serve as 
appropriate predictors of musical pitch discrimination? 
Edwards (1974) suggested that deaf children may have 
potential in music that has not been fully recognized and 
addressed by music educators. Findings from the present 
investigation may provide valuable information for educators 
who are responsible for planning and implementing music 
instruction as well as speech curriculums for hearing-
impaired children. 
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CHAPTER II 
RELATED LITERATURE 
The ability to perceive differences between two pitches 
is a fundamental musical skill (Colwell, 1969). A discus­
sion of various factors that influence pitch discrimination 
and a review of related studies of pitch discrimination of 
hearing-impaired adults and children are presented in this 
chapter. 
Factors that Affect Pitch Discrimination 
Pitch discrimination ability can be described in terms 
of the smallest change in frequency necessary for a listener 
to detect a change in pitch, called the difference limen for 
frequency (DLF). The size of the DLF can be affected by 
various factors, including the physical properties of the 
sound stimulus, individual differences among listeners, and 
the method employed for measurement. 
The Stimulus 
The physical properties of a sound—frequency, inten­
sity, duration, and timbre—may affect pitch discrimination 
to varying degrees. Pitch is the psychological counterpart 
of the frequency of vibrations; generally, a low frequency 
is perceived as a low pitch, while an increase in the number 
7 
of vibrations per second invokes a perception of a higher 
pitch. Although the frequency of a sound is a definite 
quantity that can be measured with instruments without any 
reference to the ear, the perception of pitch is not 
perfectly correlated to frequency and may vary under 
different situations. 
Pitch may be affected by intensity (Stevens, 1935) and 
duration (Backus, 1977; Gengel, 1973; Hall & Wood, 1984). A 
sound must be of a certain intensity and must last a certain 
length of time if a pitch is to be assigned to it. Backus 
suggested that for "ordinary" musical tones, the effects of 
intensity and duration on pitch are negligible in listeners 
with normal hearing. 
The pitch of a tone may also be influenced by the 
presence of overtones (Lichte & Gray, 1955). The pitch of a 
complex tone, which consists of a mixture of individual 
frequency components generated from one sound source, may be 
clearer than the pitch of a pure tone, which consists of 
only one frequency. Zeitlin (1964) reported that subjects 
were able to discriminate small changes of frequency of 
complex tones better than of pure tones. He attributed the 
superior performance with complex tones to the presence of 
overtones, with the maximum efficiency occurring between 490 
and 990 Hz. Sergeant (1973) suggested that the discrimina­
tion of complex tones was superior to the discrimination of 
pure tones because the overtones which are present evoke a 
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response pattern on the basilar membrane "from which more 
comprehensive frequency information can be derived" (p. 12). 
He explained that since familiar sounds such as speech and 
music are generally complex tones, the interaction with such 
familiar environmental sounds may influence the development 
of pitch concepts. 
The Listener 
Even when the physical properties of a sound stimulus 
are controlled, differences among individual listeners can 
account for a variance in pitch discrimination ability. 
These differences may be related to the condition of the 
hearing mechanism, age, training and practice in pitch 
discrimination, and home musical environment. 
The ability to discriminate pitch is dependent on the 
ability to perceive a sound stimulus, and a hearing 
impairment may influence the size of the difference limen. 
In some listeners, however, one frequency may produce a 
different pitch in each ear; this condition is called 
binaural diplacusis. While the incidence of diplacusis is 
small in normal-hearing individuals, it is much greater in 
persons with impaired hearing (Backus, 1977). 
Several researchers have investigated the effect of age 
and practice on pitch discrimination in normal-hearing 
subjects. Duell and Anderson (1967) measured DLFs of 
first-, second-, and third-grade children in a typical 
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classroom setting. Discriminative ability improved from 
grade one to grade three. In a study of subjects ranging 
from second-grade children to college music faculty, Madsen, 
Edmonson, and Madsen (1969) concluded that pitch 
discrimination was a function of age and music training. 
Campbell and Small (1963) measured DLFs of subjects who 
participated in practice sessions where pitch judgments were 
made. They reported that following six hours of practice in 
making discriminations between pitches, subjects demon­
strated improvement in the size of the DLF as compared to 
the DLF measured after the first hour of practice. 
Soderquist and Moore (1970) investigated the effect of 
training on the pitch discrimination abilities of three 
groups of children, ages 5, 7, and 9. The method of 
constant stimuli was employed with pure tone stimuli to 
obtain difference limens for all subjects; after initial 
measurements, half of the subjects in each age category 
participated in six training sessions. Soderquist and Moore 
identified a decrease in difference limens (indicating an 
increase in sensitivity to pitch differences) as a function 
of age up to approximately seven years of age. In addition, 
they reported that the training sessions resulted in a 
significant decrease in the mean difference limen for each 
age group. When the seven-year-old subjects were retested 
11 months later, significant differences were maintained 
between the experimental and control groups, although both 
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groups demonstrated a decrease in DLF, possibly "explained 
in terms of perceptual learning" (p. 192). 
Maxon and Hochberg (1982) measured the DLF at 500, 
1000, 2000, and 4000 Hz in normal-hearing children ages 4, 
6, 8, 10, and 12 years. They reported a significant 
decrease in the DLF with increased age. They reported that 
the younger children ages 4 and 6 demonstrated a greater 
difference between DLF at 500 and 1000 Hz than did the older 
children ages 10 and 12. 
Kuper (1972) investigated the effect of musical 
training on the articulation performance of speech-impaired 
children ages 8 to 13. Subjects in the control group 
received twelve 30-minute sessions of individual auditory 
training and conventional speech therapy; subjects in the 
experimental group received six sessions in speech therapy 
and six sessions in musical "ear training" (melodic and 
rhythmic drills). Both groups demonstrated improvement on a 
posttest of articulatory performance. Kuper suggested that 
"the musical training may have had as beneficial an effect 
on articulation as actual speech correction" (p. 171). 
Since other researchers have reported a relationship between 
speech deficiencies and larger DLFs, Kuper's results suggest 
the training sessions may have benefitted the pitch 
discrimination abilities of the subjects. 
Several researchers have reported a relationship 
between home musical environment and musical achievement of 
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children. Shelton (1965/1966) studied the influence of home 
musical environment on 18 "musical" and 12 "unmusical" first 
grade students. Shelton interviewed the parents of the 30 
subjects, and on the basis of the interviews, rated each 
child's home as "musical," "average," or "unmusical." 
Significant differences in the music backgrounds of the two 
groups of subjects were reported. Shelton cited positive 
relationships between musical responses and the following 
factors: (a) frequent opportunities to hear singing in the 
home, (b) frequent opportunities to sing with other family 
members, (c) frequent opportunities to hear records played 
in the home, and (d) the ability of the parents to sing and 
learn new songs. 
Kirkpatrick (1962) reported positive relationships 
between home musical environment and musical behaviors of 
young children. The most important factors identified by 
Kirkpatrick included singing in the home and musical 
backgrounds of the parents. The presence of musical 
equipment such as a radio, phonograph, or television had a 
negligible influence; this finding was also observed by 
Kirkpatrick. 
Hedden (1982) attempted to identify predictors of music 
achievement as measured by Colwell's Music Achievement Test 
(1969), which includes a subtest on pitch discrimination. 
Predictor variables included music background, gender, 
academic achievement levels, attitude toward music, and 
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self-concept in music. Based on the results of a multiple 
regression procedure, Hedden concluded that academic 
achievement was the best predictor of music achievement. 
Methods and Procedures 
Methodology may affect DLF, and for that reason, it is 
often difficult to compare results from different experi­
ments. A commonly used method for measuring pitch discrimi­
nation is the "method of constant stimuli," in which two 
discrete tones are presented; the listener usually reports 
whether one tone is higher or lower (or the same or 
different) than the other tone. Harris (1948) reviewed 
various methods for measuring pitch discrimination and wrote 
that the method of constant stimuli is ideal for a study of 
pitch discrimination. 
Regardless of the method employed, measures of DLF may 
be affected by the expected response to the pitch discrimi­
nation task. Researchers commonly require the listener to 
respond to two tones with the relational terms of "higher" 
or "lower." This may be a limiting factor when assessing 
pitch discrimination of children. Researchers have 
cautioned that young children have difficulty making 
relational judgments. Educators have emphasized that the 
terms "high" and "low" are often confused with concepts of 
space, mood, loudness, or even cost, and frequently have no 
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ascribed musical meaning for young children (Andrews & 
Madeira, 1977; Hair, 1977). 
Andrews and Madeira (1977) studied the pitch discrimi­
nation of normal-hearing children ages 6, 7, and 8. They 
elicited responses from children through motor responses and 
by using the terms "high/low" and "higher/lower." They also 
presented two tasks of spatial relationships in which 
children used the relational terms "high/low" or "higher/ 
lower." They concluded that the response mode had a 
significant effect on the measurement of pitch discrimi­
nation. Their subjects were less proficient in applying 
relational terms to pitch than to spatial relationships. 
Children could not demonstrate their pitch discrimination on 
tasks that required relational language as well as they 
could on tasks requiring a motor response. Andrews and 
Madeira also suggested that children less than 8 years of 
age may not be able to accurately demonstrate pitch 
discrimination abilities on tasks which require the use of 
relational language. They reported that procedures not 
involving the use of relational terms may yield results with 
greater validity, especially when testing young or 
language-delayed children. 
Hair (1977) presented normal-hearing first-grade 
children with verbal and nonverbal tasks in order to measure 
their discrimination of tonal direction. Subjects performed 
significantly better on nonverbal tasks; this suggested that 
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even though they might be able to perceive differences in 
tonal patterns, they were not able to verbalize the concept 
of tonal direction in traditional terminology. Hair 
concluded that music educators should not assume that 
children understand the terminology used to describe musical 
concepts and that "pitch" is one of the terms most 
frequently confused by children. 
Zimmerman (1971) discussed the methodological problems 
music educators must confront when measuring pitch per­
ception. She recommended a comparison of "same" or 
"different" since the use of these terms may avoid the 
confusion associated with the relational terms of 
"high/low." 
Pitch Discrimination of Hearing-
Impaired Listeners 
One of the first published investigations of the 
ability of hearing-impaired listeners to discriminate pitch 
was by Shutts in 1950. Shutts measured the DLF of 20 deaf 
and 20 hearing adults using pure tone stimuli at 500, 1000, 
and 2000 Hz. He reported that although deaf subjects 
consistently demonstrated larger DLFs than normal-hearing 
subjects, there was great variability within the group of 
deaf subjects. According to Shutts, deafness affected each 
subject's pitch discrimination ability in differing 
degrees. 
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Butler and Albrite (1956) compared the performance of 
25 adults with sensorineural hearing losses to 17 adults 
with conductive hearing losses. Using the method of 
constant stimuli, they presented subjects with pairs of pure 
tones at the frequencies of 500, 1000, 2000, 3000, and 4000 
Hz. Subjects with a conductive loss demonstrated a tendency 
to discriminate pitches better than subjects with a sensori­
neural loss, although at 500, 1000, and 2000 Hz there were 
no statistically significant differences between the two 
groups. When the researchers tested additional subjects for 
five days to determine the effect of extensive practice on 
pitch discrimination, they reported that practice reduced 
the DLF and the group variability. 
McCandless (1959/1960) investigated the pitch 
discrimination abilities of nine adults with normal hearing, 
nine adults with high frequency hearing losses, and nine 
adults with mild to moderate sensorineural hearing losses. 
He reported that the subjects with mild to moderate 
sensorineural hearing losses demonstrated larger mean DLFs 
than the subjects in the other two groups. McCandless noted 
significant differences between groups as well as within the 
group of subjects with sensorineural losses. He reported 
that among hearing-impaired subjects, the hearing loss 
itself was not necessarily an effective predictor of the 
size of the DLF. He concluded that no significant 
relationship existed between the amount of hearing loss and 
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the DLF within the group of subjects with mild to moderate 
hearing losses. 
An early study using deaf children as subjects was 
conducted by Strizver in 1957. He measured the ability of 
deaf subjects 14 to 17 years old to discriminate pitches of 
pure tones at 500, 1000, and 2000 Hz. Results were 
consistent with previous studies (Butler & Albrite, 1956; 
Shutts, 1950) which involved hearing-impaired adults; the 
DLF sizes were very large as compared to the DLFs of 
normal-hearing subjects, with a wide variance in individual 
abilities. No statistically significant relationship 
between the amount of hearing loss at a particular frequency 
and the DLF for the same frequency was found. Strizver also 
compared pitch discrimination scores to scores on auditory 
speech perception tasks; he reported a significant 
relationship between the DLF at 500 Hz and the speech 
perception scores, with no significant correlations at 1000 
and 2000 Hz. 
Bradley (1959) was also interested in the possible 
relationship between ability to discriminate pitch and the 
development of normal speech. His subjects ranged in age 
from 9 to 14 and were categorized in one of three groups: 
subjects with normal hearing and normal speech, subjects 
with normal hearing and impaired speech, and subjects with 
impaired hearing and impaired speech. Bradley determined 
the difference limen for ascending and descending intervals 
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at the standard frequencies of 500, 1000, and 2000 Hz, and 
subsequently averaged the results for each change of 
frequency above and below the standard frequency. He 
reported statistically significant differences on the DLF 
between all three groups, with the hearing-impaired subjects 
being the least consistent in their responses to the pitch 
discrimination tasks. Bradley's results supported his 
hypothesis that pitch discrimination abilities influence the 
speech development of hearing-impaired children. 
Di Carlo (1962) investigated the relationships among 
pitch discrimination, pure tone thresholds, speech reception 
threshold, and speech discrimination in subjects ages 11 to 
14. Three groups of subjects included subjects with normal 
hearing and normal speech, subjects with normal hearing and 
impaired speech, and subjects with impaired hearing and 
impaired speech. Di Carlo employed the method of constant 
stimuli to measure DLF at 500, 1000, and 2000 Hz. Subjects 
listened to pairs of tones and responded "same" or 
"different." Analysis of variance was used to identify 
differences within groups and between groups. The DLF at 
1000 Hz was a discriminating factor between individuals and 
groups, while the DLFs at 500 and 2000 Hz were not. When 
comparing the groups on DLF and speech discrimination 
scores, Di Carlo identified significant differences between 
the subjects, with the hearing-impaired group exhibiting the 
largest DLFs. 
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Houchins (1962/1968) compared pitch discrimination 
ability in normal-hearing children, children classified as 
"hard-of-hearing," and children classified as "deaf." 
Subjects judged whether the second tone of a pair was 
"higher" or "lower" than the first tone at the frequencies 
of 250, 1000, and 2000 Hz. Houchins identified a 
significant difference in pitch discrimination ability 
between the deaf group and each of the other two groups. 
Although there were large differences between the three 
group means for DLF at each frequency measured, the size of 
the DLF was not significantly related to the amount of 
hearing loss within the groups of deaf and hard-of-hearing 
children. He concluded that the size of the DLF was a 
function of both frequency and hearing loss, and that while 
group trends could be identified, there was no reliable way 
to account for individual differences within groups. 
Gengel (1969a) studied the effect of practice on fre­
quency discrimination in groups of normal-hearing, hard-
of-hearing, and deaf children. He employed the method of 
constant stimuli; subjects responded either "low-high" or 
"high-low." DLFs were determined for the frequencies of 250 
and 500 Hz. Subjects were tested in three sessions. The 
administrator of the test gave positive feedback throughout 
each session for correct responses. During the course of 
the three sessions, there was a progressive decrease in the 
median DLF, with the group of deaf children demonstrating 
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statistically significant decreases in the size of the DLF. 
Six children received extensive practice in seven additional 
sessions. The DLFs of these subjects continued to decrease 
with practice, and Gengel wrote that there was no evidence 
that asymptotic performance had been reached. In a consi­
deration of the correlation between hearing loss and DLF, 
Gengel reported that the relationship was not significant at 
250 Hz, with only a moderate correlation at 500 Hz for the 
second and third sessions. He concluded that as a group, 
hearing-impaired children initially demonstrated relatively 
larger DLFs than normal-hearing children or adults whose 
hearing was impaired after childhood; he stated that prac­
tice may have a significant effect on pitch discrimination. 
In a subsequent study, Gengel (1973) studied the effect 
of signals of 50-msec and 500-msec duration on the DLF at 
500, 1500, and 3000 Hz. The subjects were five hearing-
impaired college students with sensorineural losses. Gengel 
discussed the effect of duration on frequency discrimi­
nation, noting larger DLFs for the 50-msec signals than for 
the 500-msec tones. There was a wide range in DLF among the 
subjects, and even after training, the hearing-impaired 
subjects demonstrated inconsistent responses. Gengel's 
finding that the DLFs of hearing-impaired subjects were 
generally larger than the DLFs of hearing subjects was well 
supported by previous investigations (Butler & 
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Albrite, 1956; Gengelr 1969a; Hayes, 1951; McCandless, 
1959/1960; Shutts, 1950). 
Turner and Nelson (1982) obtained DLFs at 300, 1200, 
and 3000 Hz for normal-hearing and impaired-hearing adults. 
Subjects participated in practice sessions until they 
demonstrated asymptotic performance on pitch discrimination. 
The number of practice sessions varied for each subject, 
indicating to the researchers that practice had a 
considerable effect on the DLFs for many of the subjects. 
Summary 
Researchers have studied the phenomenon of pitch 
(frequency) discrimination for many years, although studies 
specifically investigating the ability of hearing-impaired 
adults and children to discriminate pitch have only become 
common in the past three decades. These studies have 
generally been conducted by audiologists and others in the 
field of hearing and speech disorders. Although there has 
been no standardization of methods and procedures, certain 
results have consistently been reported. Based on the 
studies discussed above, the following conclusions may be 
stated regarding pitch discrimination by hearing-impaired 
individuals: 
1. The DLFs of hearing-impaired individuals are 
usually larger than DLFs of hearing individuals. 
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2. There is considerable variance in pitch discrimina­
tion ability within a population of hearing-impaired people. 
3. Hearing-impaired individuals do not demonstrate a 
tendency to be as consistent in pitch discrimination tasks 
as hearing individuals. 
4. Hearing-impaired children do not demonstrate a 
tendency to discriminate pitch as well as hearing-impaired 
adults. 
5. Hearing level at a specific frequency is not 
necessarily related to the ability to discriminate pitch at 
that frequency. 
6. Practice has a positive influence on the ability of 
hearing-impaired individuals to discriminate pitch. 
The major purpose of the reported studies of pitch 
discrimination by hearing-impaired listeners has been to 
explore factors related to the reception and production of 
speech. Although components of speech may range from 100 to 
above 8000 Hz (Calvert & Silverman, 1975), researchers have 
generally focused on a study of the DLF at 500, 1000, and 
2000 Hz—tones within a relatively narrow frequency range 
crucial for the understanding of speech. Nevertheless, the 
usual range of fundamental frequencies of musical tones 
extends from 27 to 4200 Hz—the approximate range of 
fundamental frequencies of the piano. In addition, standard 
audiometric procedures utilize pure tone stimuli, and the 
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reported measures of pitch discrimination of hearing-
impaired individuals were obtained with pure tones. 
In contrast, researchers in music education have 
studied pitch discrimination because of its importance in 
the meaningful reception and production of music. These re­
searchers have reported that the ability to discriminate 
pitch is related to agef practice, and musical training. 
Music educators and others have also cautioned that pitch is 
a confusing musical concept for many young children and that 
this confusion is often related to the choice of 
terminology. 
Pitch discrimination is a fundamental musical behavior, 
yet researchers have possibly overlooked the potential for 
hearing-impaired children to discriminate the pitches of 
musical tones. Results obtained from studies with pure tone 
stimuli suggest that some deaf children may be able to 
discriminate changes in pitch as small as a minor second 
(Gengel, 1969a). Since the presence of overtones may aid 
pitch perception, it is logical to assume that 
hearing-impaired children should be able to discriminate the 
pitch of musical tones better than pure tones. 
Statement of the Hypotheses 
The present research was an attempt to integrate 
research findings from the field of speech and hearing 
disorders and musical pitch discrimination in an effort to 
23 
determine the extent of the ability of deaf children to 
discriminate between musical tones, and to determine whether 
relationships exist between pitch discrimination, 
participation in musical activities, and age. The following 
statements served as the main null hypotheses: 
1. There is no significant difference in the pitch 
discrimination abilities between deaf children who 
participate in regular school music activities and deaf 
children who do not. 
2. There is no significant difference in pitch 
discrimination scores between deaf children when grouped 
according to age. 
Additional secondary hypotheses that examined the 
degree of relationship between pitch discrimination ability 
and the following variables were also under consideration: 
(a) hearing levels at 125, 250, 500, 1000, 2000, and 4000 
Hz; (b) academic achievement levels in reading and 
mathematics; (c) home music background; (d) sex; and (e) 
hearing status of the parents or guardians. 
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CHAPTER III 
PROCEDURE 
The purpose of this study was to investigate the 
ability of a group of deaf children to discriminate pitch of 
complex tones. Specifically, the research was designed to 
study the effects of age and musical experiences on pitch 
discrimination and to identify possible relationships 
between pitch discrimination ability and factors such as 
hearing levels and academic achievement among a group of 
deaf children. 
A pitch discrimination test was designed by the 
researcher to measurie the difference limen for frequency 
(DLF) at 250 and 500 Hz. Subjects were selected from two 
residential schools for the deaf; one school included music 
classes as part of the educational curriculum, and the other 
school did not. Additional information concerning musical 
experiences was elicited from the subjects' parents and 
classroom teachers. Audiometric information and academic 
achievement levels were obtained from school records. The 
pitch discrimination test was then administered by the 
researcher to individual subjects in their respective 
schools; statistical subprograms in SPSSX (1983) were used 
for data analysis. 
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A detailed discussion of the pitch discrimination test, 
the selection of subjects, and procedures for the collection 
and analysis of data is presented below. 
Description of the Pitch Discrimination Test 
The pitch discrimination test consisted of two subtests 
to measure the DLF at 250 and 500 Hz (reference frequen­
cies). The method of constant stimuli (Kling & Riggs, 1971) 
was employed, whereby a reference frequency (constant) was 
presented followed by a variable frequency that deviated 
from the reference frequency by a predetermined amount; the 
subject's task was to judge "same" or "different." A modi­
fication of the "classic" method of constant stimuli was 
introduced, however, in that the variable frequencies were 
limited to deviations above the reference frequency, rather 
than above and below. This change was implemented to 
include more changes of frequency and yet keep the test as 
short as possible. In addition, researchers have reported 
that DLPs obtained above and below the reference frequency 
do not vary significantly (Bradley, 1959; Gengel, 1969a). 
Each reference frequency was paired with eight variable 
frequencies which ranged from 41% to 1.2% above the refer­
ence frequency (Appendix A). At 250 Hz, the variable fre­
quencies were 353, 333, 315, 298, 280, 265, 257, and 253 Hz; 
at 500 Hz, the variable frequencies were 705, 665, 630, 595, 
560, 530, 514, and 506 Hz. These variable frequencies 
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corresponded with musical intervals ranging from 
approximately an augmented fourth (41% change of frequency) 
to less than a minor second (1.2% change of frequency) above 
each reference frequency. Based on previously reported 
results of difference limen obtained from deaf children, it 
was anticipated that the majority of subjects would be able 
to discern the largest change of frequency as "different" 
and the smallest change of frequency to be "same." 
For each subtest, the reference frequency was paired 
with each of the eight variable frequencies 10 times. There 
were also 20 trials in each subtest in which the reference 
frequency was repeated so that pairs of tones with no change 
of frequency were included. Thus, each subtest contained 
100 trials of stimuli to measure the DLF at either 250 or 
500 Hz. Within each subtest, trials were arranged in a ran­
domized order of difficulty. The reference tone was always 
presented first within the pair of tones; the second tone 
was higher than or the same as the reference tone. Each 
stimulus tone was one second in duration. The interval of 
silence between tones was 0.5 seconds; the interval between 
trials of stimuli was 3.5 seconds. The 250 Hz subtest was 
presented first. 
Equipment Used for Generating and Recording 
Stimuli for the Pitch Discrimination Test 
A Mini Moog synthesizer was used to generate stimuli 
with a sawtooth wave form; monitoring of frequency was 
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accomplished with a Hewlett-Packard 5381-A frequency 
counter. Signals were sent to a mixing console (TEAC Model 
3) and subsequently fed through four outputs of the mixing 
console to all channels of a four-track tape deck (TEAC 
Model A23405X). After sound levels on the tape deck, mixing 
console, and synthesizer were calibrated for maximum 
efficiency as described in the manuals for each machine, 
each stimulus frequency necessary for the pitch 
discrimination test was individually recorded in a 
continuous tone on high quality quarter-inch magnetic tape 
(Maxell UDXL II). 
The master test tape was created by splicing segments 
of magnetic tape and leader tape (for intervals of silence). 
This technique allowed for precise control of the duration 
of each tone and silence interval. Since the segments for 
each particular frequency were all generated and recorded in 
one continuous tone, any possible discrepancies in pitch 
were also eliminated. In addition, the use of leader tape 
between tones and between trials decreased the amount of 
tape noise that would normally be present during playback at 
the high intensity level necessary for the deaf subjects. 
A 60-second test tone of the reference frequency was 
included at the beginning of each respective subtest to 
allow subjects the opportunity to adjust the sound level of 
the test stimuli to a comfortable listening level. This 
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test tone was followed by 10 practice trials, which included 
examples of "same" pairs of tones and pairs of tones with 
large changes of frequency. After the test tone, practice 
trials, and test trials were assembled and spliced for each 
subtest, the test was copied onto a Maxell UDXL II cassette 
tape. 
Equipment for Administration of the 
Pitch Discrimination Test 
The pitch discrimination test was administered via a 
high quality stereo cassette player (Radio Shack SCR-8). 
The output from the tape player was fed through a 
potentiometer to allow for controlled adjustment of the 
output level. The cable connecting the potentiometer to the 
tape player was wired to allow only single channel output. 
This allowed subjects to receive test stimuli monaurally 
through a standard stereo headphone. Monaural, rather than 
binaural, testing was used because of the increased 
incidence of diplacusis associated with deafness. The 
potentiometer was mounted in a metal box; an acoustic 
earphone coupler (1560-P83 G R CO 9A Type coupler) and sound 
level meter (General Radio Co. type 1565-A) were used to 
calibrate the dial on the potentiometer in 5 dB increments. 
Before testing sessions, the output from the tape player was 
calibrated to ensure that the sound pressure level (SPL) did 
not exceed 110 dB at the earphone. Figure 1 represents a 
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block diagram of the equipment used for the development and 
administration of the pitch discrimination test. 
A. B. 
HEADPHONE 
FREQUENCY 
COUNTER 
SYNTHESIZER TAPE PLAYER 
POTENTIOMETER 
TAPE 
RECORDER 
MIXING 
CONSOLE 
Figure 1. Block diagram of equipment for development (A) 
and administration (B) of the pitch discrimination test. 
Pilot testing of six deaf children was conducted at 
Central North Carolina School for the Deaf. The children 
ranged from 8 to 15 years of age. The primary purposes of 
the pilot testing were to test equipment and to refine 
testing procedures (such as giving instructions) in order to 
establish a standardized approach for the administration of 
the pitch discrimination test. The children who parti­
cipated in the pilot test were not included as subjects in 
the main study. 
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Selection of Subjects 
The subjects for this study were 39 deaf children 
selected from two state residential schools for the deaf. 
Findings from a national survey of music activities in 
schools for the deaf (Shroyer & Ford, 1985) were used to 
identify schools that did or did not include music in the 
educational curriculum. Potential schools were limited to 
residential schools; since residential students reside on 
campus throughout the week, after-school activities could be 
accounted for by school personnel. In addition, the 
enrollment at most residential schools was large enough to 
supply the number of subjects needed in two age categories. 
Description of the Schools 
Two potential schools were identified—Eastern North 
Carolina School for the Deaf and Texas School for the Deaf. 
School administrators were contacted and permission was 
received from each school's research committee to include 
students as research subjects. Both schools, each with a 
total enrollment greater than 350 students, espoused the 
educational philosophy of total communication, a philosophy 
that every effort be made to communicate through such modes 
as signs, speech, gestures, body language, fingerspelling, 
facial expression, and written words (Alexander, 1978). 
Eastern North Carolina School for the Deaf (School A) 
did not include music classes as part of the educational 
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curriculum. An administrator from Texas School for the Deaf 
(School B), however, indicated on the survey of music 
activities that music (called "rhythms" by school personnel) 
had been a part of the academic curriculum for over twenty 
years. Subjects attending School B received daily 
instruction from a rhythms teacher in alternating six-week 
periods. During the school year, each student participated 
in music a total of three six-week periods, or 18 weeks. 
The curricular goals for the rhythms class at School B 
were similar to objectives associated with traditional music 
classes in the public schools, such as development of music 
concepts, appreciation of music, and self-expression through 
music. Other goals included objectives related to aural 
awareness, language development, speech development, motor 
development, and relaxation. Activities included playing 
musical instruments, singing and/or signing songs, movement 
activities, listening to music, and dancing. During the 
period of time the present study was conducted, the curri­
cular objectives for the rhythms class were submitted to the 
Texas Education Agency for approval in meeting the state 
curricular requirements for the "essential elements" for 
fine arts, music, and theater arts (State Board of Educa­
tion, 1984) that were imposed during recent educational 
reforms in the state of Texas. Modifications of the 
"essential elements" which allowed for the hearing impair­
ment of students included the substitution of "signing 
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songs" for singing, and inclusion of objectives related to 
aural awareness of gross changes of pitch, dynamics, 
duration, and tempo, rather than music-listening objectives 
that required fine discrimination not possible for many deaf 
children. 
Description of Subjects 
In order to study the possible effect of participation 
in school music activities on pitch discrimination, half of 
the subjects (n = 20) were selected from School A and the 
remainder (n = 19) were selected from School B. Within each 
school, subjects who met criteria for selection (described 
below) were selected from two age groups in order to allow a 
comparison of DLFs between older and younger subjects. The 
age range of the younger group was 6 years 2 months to 9 
years 7 months, with a mean age of 8 years 4 months. The 
age range of the older group was 11 years 2 months to 12 
years 7 months, with a mean age of 11 years 11 months. The 
original plan for the research called for subjects 8 to 10 
and 14 to 16 years of age, thus explaining the older ages of 
students who participated in the pilot testing. However, in 
School B, the rhythms class was not offered to students at 
the secondary level. A compromise in the age groups for the 
present study ensured that all the subjects could be 
selected from one of two schools. 
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Subjects were classified by age and participation in a 
school music program, thus establishing four groups of 
subjects. Group 1 (older age group) and Group 2 (younger 
age group) included subjects who attended School A, where 
music was not included in the educational curriculum. Group 
3 (older age group) and Group 4 (younger age group) included 
subjects who attended School B, where music was a part of 
the educational curriculum; all subjects from School B 
participated in school music activities. Originally, there 
were ten subjects in each group; however, one subject was 
later dropped from Group 3 because of an inability to make 
reliable judgments on the pitch discrimination test. Table 
1 summarizes the classification of subjects by age and 
school. 
TABLE 1 
CLASSIFICATION OF SUBJECTS BY GROUP 
School 
Age A (No music) B (Music) 
Older 
(|i = 11 yr.11 mo.) Group 1 
5 
5 
10 
Group 3 
4 
5 
9 
Male 
Female 
Total 
Younger 
(n = 8 yr.4 mo.) 
Male 
Female 
Total 
Group 2 
6 
4 
10 
Group 4 
8 
2 
10 
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The criteria for selection of subjects at each school 
were as follows. First, selection was limited to children 
with sensorineural hearing losses displaying a typical 
audiometric pattern of increased hearing loss with higher 
frequencies with a loss in the better ear (pure tone 
average) no greater than 105 dB. Second, onset of deafness 
was congenital or prelingual, which excluded adventitiously 
deaf students. Third, the subjects were assessed by their 
teachers or by a recent test of intelligence to be within 
the normal range of intelligence; those selected did not 
include children identified as being multihandicapped. 
Fourth, the children were required to demonstrate their 
ability to make reliable judgments of "same" or "different" 
during a practice trial of the pitch discrimination test. 
The criteria for selection of subjects, excluding the 
fourth criterion listed above, were sent to school 
personnel, who identified possible subjects within the age 
categories of 7 to 8 and 11 to 12 years. At School B, the 
younger age group was subsequently expanded to include one 
6-year old and three 9-year old children because of a 
difficulty in identifying subjects within the 7- to 8-year 
age range who met the criteria. Since the mean ages of the 
two comparable younger age groups (Groups 2 and 4) differed 
by only seven months, the adjustment of age in Group 4 was 
justified, making it possible to keep group numbers equal. 
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Collection of Data 
In order to identify possible factors that influence or 
predict pitch discrimination ability of deaf children, the 
following served as independent variables: (a) number of 
years of participation in the school music program (subjects 
from School B); (b) age; (c) hearing level in the better 
ear, as measured by standard audiometric procedures 
(hearing levels at 125, 250, 500, 1000, 2000, and 4000 Hz); 
(d) academic achievement levels in reading and mathematics; 
(e) musical environment, including musical experiences 
outside of school; (f) sex; and (g) hearing status of 
parents or guardians. The dependent variables were the DLPs 
at 250 and 500 Hz. A discussion of the procedures followed 
for the collection of data is presented below. 
Administration of the Pitch Discrimination Test 
At each school, subjects were tested individually in a 
quiet, isolated room. Test stimuli were delivered 
monaurally to the subject's better ear, or to the ear of the 
subject's preference in the case of similar hearing levels. 
A test tone of the reference frequency was presented 
before each subtest. The subject was asked to adjust the 
dial on the potentiometer until a comfortable listening 
level was reached. Subjects' preferences of sound pressure 
level ranged from 90 to 110 dB. 
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Prior to the first subtest, a brief explanation of the 
purpose of the test was presented to the subject; then two 
large cards were placed on the table before the subject. On 
the first card were drawings of two matching shapes (two 
circles), with the label "same." The second card had 
pictures of two dissimilar shapes (a circle and a triangle), 
with the label "different." All subjects were able to 
identify each card as either "same" or "different" using 
sign language or speech. Each subject was then presented 
additional examples with blocks of different heights and 
objects of varying colors. When the test administrator was 
sure the subject was using the language for "same" and 
"different" correctly as it applied to visual stimuli, the 
practice trials for the 250 Hz subtest were presented. The 
examiner asked the subject to listen to two sounds and 
decide if the sounds were the same or different. As the 
examples were presented, the examiner "signed" that the 
second sound was different (or the same) and pointed to the 
corresponding card with the label of same or different. 
Additional practice trials were presented with large changes 
in frequency, and the subject was asked to respond "same" or 
"different." The tape player had a "pause" control which 
allowed the test administrator to stop the tape after the 
examples to check the subject's response. Presentation of 
the practice trials (a total of 10) continued until the 
examiner was confident that the task demands were understood 
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by the subject. In several cases, the tape was rewound to 
the beginning of the practice trials in order to repeat the 
examples as needed. When the subject could reliably 
demonstrate an understanding of the task demands, the first 
subtest began. 
The choice of the subject's response following presen­
tation of pairs of stimuli was an important consideration in 
the design of this testing procedure. Although a response 
which indicates whether one pitch is "higher" or "lower" 
than the other pitch is common, Zimmerman (1971) suggested 
that a "same" or "different" comparison would avoid the 
problem young children often have with relational termino­
logy. Furth (1973) described the obstacles deaf children 
face in acquiring a verbal language such as English when 
their loss prevents them from hearing speech sounds. It was 
reasoned that a valid measurement of DLF of language-
deficient deaf subjects would be obtained when pairs of 
tones are judged to be the "same" or "different." 
After listening to each pair of tones, the subject 
indicated "same" or "different" verbally, with sign 
language, or by pointing to the appropriate visual aid; the 
examiner recorded the response. The test administrator gave 
positive feedback to the subject by smiling, nodding, and 
signing "good" at random intervals throughout the test. The 
procedure described above was followed for the 500 Hz 
subtest. 
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To counter possible effects from fatigue, certain 
precautions were taken. Midway through each subtest, the 
test tape was stopped and the subject was allowed to rest 
and to select a colorful sticker as a reinforcer. During a 
short break at the end of the first subtest, the subject was 
offered water and allowed to "stretch." At the end of the 
testing session, the subject was allowed to choose a "prize" 
(pencil, eraser, or school folder). In addition to the time 
required for giving directions, adjusting equipment, and 
short breaks to relieve fatigue, the administration time for 
each subtest was approximately 10 minutes; approximately 50 
minutes per subject were allowed for the administration of 
the two subtests. 
Questionnaires 
In order to obtain a more comprehensive description of 
the musical environment and prior musical experiences of the 
subjects, "Home Music Background" questionnaires (Appendix 
B) concerning the musical environment in the home were 
distributed to the parents or guardians of the subjects. At 
School A, the questionnaires were sent home and returned by 
the subjects over the weekend; the return rate was 100%. At 
School B, the questionnaires were mailed to parents with a 
cover letter from the superintendent of the school; the 
return rate was only 42%. Repeated follow-up attempts by 
the researcher were unsuccessful. 
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In order to account for any musical experiences 
provided by classroom teachers who might integrate musical 
activities with other subject areas in the curriculum, each 
subject's primary classroom teacher completed a written 
questionnaire on music activities in the classroom. The 
"Music Activities in the Classroom" questionnaires (Appendix 
B) were distributed and collected by the researcher at the 
time the pitch discrimination tests were administered. Nine 
teachers from School A and 11 teachers from School B 
completed the questionnaire; this represented 100% of the 
classroom teachers who had primary responsibility for the 
subjects during the school day. The results from the "Home 
Music Background" and "Music Activities in the Classroom" 
questionnaires are presented in Chapter IV. 
Additional Data 
School records were examined to obtain each subject's 
date of birth and hearing levels from the most recent 
audiogram. Figure 2 represents the mean hearing levels for 
the subjects; audiometric thresholds of individuals are 
presented in Appendix C. The date of admission was noted 
for all subjects at School B; the number of months each 
subject at School B had been enrolled was regarded as the 
length of participation in the school music program, since 
all of the subjects participated in the rhythms classes. 
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Figure 2. Composite audiogram: Mean pure tone 
air conduction thresholds. 
Information regarding each subject's academic achieve­
ment was obtained from the most recent standardized test 
scores available in each school's records. Although differ­
ent standardized tests were administered at each school 
(California Achievement Testy Stanford Achievement Test), 
estimates of each subject's grade level equivalent (GLE) in 
reading and mathematics were adequate indicators of academic 
achievement levels for the purposes of the present study 
(Table 2). The actual GLEs might be expected to be higher 
than the obtained values; at the time the scores were 
recorded by the researcher, approximately eight months had 
passed since the date the standardized tests had been 
administered in each school. Nevertheless, the low GLEs 
reflect the difficulties that hearing-impaired children face 
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due to the language deficiency arising from the hearing 
impairment. 
TABLE 2 
READING AND MATHEMATICS GLEs OF SUBJECTS BY GROUP 
Mean Grade Level Equivalent 
(Grade.Month) 
Reading Math 
School A 
Group 1 (Older) 3.1* 4.0 
Group 2 (Younger) 1.2 1.2 
School B 
Group 3 (Older) 1.7 2.0 
Group 4 (Younger) 1.8 1.8 
*3.1 = achievement equivalent to third grade, 
first month 
It was hypothesized that the hearing status of the 
parents of a deaf child might influence the musical 
environment in the home. Deaf parents might not be as 
likely to expose their children to musical equipment such as 
record players, radios, or musical instruments, or 
experiences such as concerts. To account for any influences 
of the parents" hearing status, subjects with hearing-
impaired parents were identified for the researcher by 
school personnel. Among the subjects from School A, one 
subject had hearing-impaired parents; two subjects (a 
brother and sister) from School B lived with 
hearing-impaired parents. 
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Analysis of the Data 
The responses on the pitch discrimination test were 
converted to DLFs. To calculate each subject's difference 
limen for each subtest, the percentage of correct responses 
for each set of trials (10) associated with each of the 
variable frequencies was recorded. Linear interpolation was 
used to estimate the frequency (Hz) at which 75% of the 
individual's responses were correct. The resulting DLF 
indicated the change of frequency above each reference 
frequency at which a subject judged two tones to be 
different 75% of the time. 
Statistical analyses were accomplished with the SPSSX 
statistical package. A descriptive statistics subprogram 
was used to compute the median, mean, and standard deviation 
of all variables for the total group of subjects as well as 
each of the four subgroups. In order to determine possible 
relationships, a matrix of the Pearson product moment 
correlation coefficients between the difference limen at 250 
and 500 Hz and each of the following variables was prepared: 
sex, age, months of participation in school music, hearing 
levels, reading GLE, and mathematics GLE. The "Regression" 
subprogram was employed to determine possible predictors for 
the size of the difference limen. 
In order to study the possible effects of age and 
participation in a school music program, a series of 
two-sample median tests ("Median" subprogram) and analyses 
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of variance (ANOVA) of the difference limen at 250 and 500 
Hz was computed to determine whether significant differences 
existed between subjects when grouped by age (younger and 
older age groups) or school (School A versus School B). Two 
ANOVA procedures were computed to examine the effect of 
hearing levels on the difference limen; subjects were 
divided into two groups according to (1) the hearing level 
at 250 Hz and (2) the pure tone average. In addition, 
one-way ANOVA were computed to identify possible differences 
between groups in hearing levels at 125, 250, 500, 1000, 
2000, and 4000 Hz, and the reading and mathematics GLEs. 
Responses from the questionnaires collected from par­
ents and classroom teachers were tabulated and converted to 
percentages. The visual analog scale (item 19 on the "Home 
Music Background" questionnaire and item 9 on the "Music 
Activities in the Classroom" questionnaire) represented a 
ratio level of measurement. Responses were converted to 
numerical values by measuring the scale (10 centimeters in 
length) from the extreme left end, which represented "0," to 
the mark indicated by the respondent. Results from ques­
tionnaires obtained for subjects enrolled at School A and 
School B were compared to determine whether home music back­
grounds and music activities provided by classroom teachers 
were comparable. Results from the data analysis and exam­
ination of hypotheses are discussed in detail in Chapter'XV. 
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CHAPTER IV 
RESULTS 
The data from the present study were derived from 
measurements of pitch discrimination abilities of 39 deaf 
children. Estimates of the difference limen for frequency 
were obtained at 250 and 500 Hz. The results are presented 
and discussed as follows: the results of the pitch discri­
mination test, comparison of groups by age and musical 
experiences, relationship between hearing levels and pitch 
discrimination, and the prediction of pitch discrimination 
ability. 
Results of the Pitch Discrimination Test 
The difference limen for frequency (DLF) at 250 and 500 
Hz were derived from responses on the pitch discrimination 
test by calculating the smallest change of frequency above 
each reference frequency wherein a subject judged two tones 
to be different 75% of the time. The individual DLFs of all 
the subjects tested are presented in Appendix D. 
Results from the pitch discrimination test indicated 
great variability between subjects on both subtests. At the 
reference frequency of 250 Hz, difference limen ranged from 
17.5 Hz to greater than 103 Hz; the median of this 
distribution was 39.9 Hz, the mean 53.4 Hz, and the standard 
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deviation 30.2 Hz. At the reference frequency of 500 Hz, 
difference limen ranged from 26 Hz to greater than 205 Hz; 
the distribution had a median of 86.2 Hz, a mean of 
102.4 Hz, and a standard deviation of 53.4 Hz. Inspection 
of the data revealed that the distribution of the DLFs for 
each subtest was positively skewed, rather than normally 
distributed. Consequently, the median was chosen as the 
best measure of central tendency. 
The median DLFs for each group of subjects are 
presented in Table 3. 
TABLE 3 
MEDIAN DIFFERENCE LIMEN FOR FREQUENCY 
Frequency 
250 Hz 500 Hz 
School A (no music) 
Group 1 (older) 27.60 86.25 
Group 2 (younger) 39.50 86.64 
School B (music) 
Group 3 (older) 69.50 112.50 
Group 4 (younger) 46.20 82.97 
Total (N = 39) 39.92 86.25 
There was an increase in absolute difference limen 
values at 500 Hz. However, the relative median DLFs for the 
total group of subjects only ranged from 16% (250 Hz 
subtest) to 17.25% (500 Hz subtest). In terms of musical 
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intervals, over 50% of the subjects were able to judge the 
interval of a minor third (19% change of frequency) as being 
"different" with 75% accuracy at both 250 and 500 Hz. On 
the 250 Hz subtest, 11 subjects had DLFs comparable to a 
major second (12% change of frequency). At 500 Hz, eight 
subjects discerned the difference between the two tones of a 
major second, and two of those subjects were able to 
accurately judge the interval of a minor second (6% change 
of frequency) as being different. The findings of the pitch 
discrimination test for all subjects in terms of their 
ability to discriminate musical intervals are presented in 
Table 4. 
Of the 39 subjects, two subjects were not able to 
discriminate between the largest intervals on either subtest 
with accuracy greater than 70%. As seen in Appendix D, a 
total of seven subjects at 250 Hz and five subjects at 500 
Hz had difference limens greater than 103 and 205 Hz, as 
measured by the pitch discrimination test. 
In order to judge the reliability of performance 
between subtests, Pearson product moment correlation 
coefficients were calculated to determine the strength of 
relationship between the DLFs at 250 and 500 Hz. There was 
a high positive correlation (r > .70) between the sizes of 
the difference limen among each group of subjects as well as 
the total group. The probability of obtaining correlations 
this large by chance alone is less than .001. These data 
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TABLE 4 
DISCRIMINATION OF MUSICAL INTERVALS: 
TOTAL GROUP OF SUBJECTS 
Interval f N of Percent of Cumulative 
(Hz) Subjects Subjects Percent 
(%) (%) 
250 Hz Subtest 
Minor 2nd 15 0 0.0 0.0 
Major 2nd 30 11 28.2 28.0 
Minor 3rd 48 13 33.3 61.5 
Major 3rd 65 3 7.7 69.2 
Perfect 4th 83 3 7.7 76.9 
Augmented 4th 103 2 5.1 82.0 
>Augmented 4th* >103 7 18.0 100.0 
Total 39 100.0 
500 Hz Subtest 
Minor 2nd 30 2 5.1 5.1 
Major 2nd 60 6 15.4 20.5 
Minor 3rd 95 16 41.1 61.6 
Major 3rd 130 7 18.0 79.6 
Perfect 4th 165 1 2.6 82.2 
Augmented 4th 205 2 5.1 87.2 
>Augmented 4th* >205 5 12.8 100.0 
Total 39 100.0 
*DLF was greater than an augmented fourth. 
indicate that, in general, each child had a tendency to 
retain a relative rank order within the total population as 
well as within each group of subjects. It was concluded 
that the subjects demonstrated reliable performance during 
the pitch discrimination test. The obtained r coefficients 
are presented in Table 5. 
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TABLE 5 
CORRELATION BETWEEN DLF AT 250 AND 500 HZ 
Group Pearson r 
Total (N = 39) 
1 (n = 10) 
2 (n = 10) 
3 (n = 9) 
4 (n = 10) 
732* 
820* 
735* 
735* 
715* 
*p < .001 
Comparison of Groups by Age 
and Musical Experiences 
Statistical tests were employed to analyze possible 
differences in pitch discrimination ability between the four 
groups of subjects. Specific research questions were (a) 
what is the effect of age on pitch discrimination ability, 
and (b) what is the effect of musical experiences on pitch 
discrimination ability? 
Tests for homogeneity of variance (Cochran's C) 
verified that the assumption of equality of variances needed 
for applying analysis of variance (ANOVA) procedures was 
met. The effect of nonnormality on the level of 
significance of the F test is extremely slight (Glass & 
Stanley, 1970); therefore, ANOVA was considered appropriate 
since the assumptions of homogeneity were not violated. 
Possible differences in the group means of DLFs at 250 
and 500 Hz were tested using two-way ANOVA, with age and 
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school being the two factors. For both dependent variables, 
there were no sources of variation associated with 
statistically significant probability levels. Examination 
of the two-way interactions of age and school classifica­
tions indicated a greater level of interaction (£ = .14) for 
the DLF at 250 Hz than for the DLF at 500 Hz (£ = .47). The 
analysis of variance also revealed that although the effect 
of school classification on DLF at either reference 
frequency was not significant, the significance level was 
considerably smaller for the DLF at 250 Hz (£ = .15) than 
for the DLF at 500 Hz (£ = .79). A summary of the ANOVA 
procedure is presented in Table 6. 
TABLE 6 
ANALYSIS OF VARIANCE SUMMARY: 
DLF BY AGE AND SCHOOL 
Source of Sum of DF Mean F Signif. 
Variation Squares Square of F 
DLF at 250 Hz 
Age 395 .296 1 395 .296 0. 4573 .503 
School 1898 .296 1 1898 .296 2. 1956 .147 
Interaction 1984 .858 1 1984 .858 2. 2957 .139 
Between Groups 4325 .733 3 1441 .911 1. 6677 .192 
Within Groups 30259 .723 35 864 .564 
Total 34585 .457 38 910 .144 
DLF at 500 Hz 
Age 972 .416 1 972 .416 0. 3220 .574 
School 213 .578 1 213 .578 0. 0707 .792 
Interaction 1638 .567 1 1638 .567 0. 5426 .466 
Between Groups 2801 .381 3 933 .794 0. 3092 .819 
Within Groups 105686 .980 35 3019 .628 
Total 108488.361 38 2854.957 
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The classification of subjects into the arbitrary 
"older" and "younger" age categories did not have an effect 
on the group means of DLFs at either reference frequency. 
When the Two-Sample Median Test (SPSSX "Median" subprogram) 
was used to tabulate 2x2 contingency tables with the 
frequency of cases greater than the median and less than or 
equal to the median for the subjects when classified by age, 
similar nonsignificant results were obtained at each 
reference frequency (Table 7). Based on these results, the 
null hypothesis that there is no significant difference 
between the mean or median DLFs at 250 and 500 Hz when 
subjects are grouped by age was not rejected. 
TABLE 7 
RESULTS OF MEDIAN TEST: DIFFERENCES IN DLF 
WHEN GROUPED BY AGE 
250 Hz Subtest 500 Hz Subtest 
Older Younger Older Younger 
Cases > Median 
Cases < Median 
9 
10 
10 
10 
9 
10 
8 
12 
Chi-Square 024 (£ = .88) 020 (2 = .89) 
Pearson correlation coefficients were computed between 
the age in months of each subject and the DLFs at each 
reference frequency in order to identify possible linear 
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relationships. At both 250 Hz (j: = -.05) and 500 Hz 
(r = .13), there was little, if any, correlation between the 
DLF and age variables. 
The DLFs of subjects enrolled in School B were compared 
to DLFs of subjects enrolled in School A in order to examine 
the effect of participation in a school music program on the 
size of the DLF. When subjects were classified by school, 
the results of the Two-Sample Median Test indicated that 
while there is no significant difference between group 
median DLFs at 500 Hz, there is a significant difference 
(g < .05) between group median DLFs at 250 Hz, with subjects 
attending School A scoring smaller DLFs than subjects 
attending School B (Table 8). The median test provides 
information about the distribution of scores about the 
median DLF. However, based on the results of the more 
powerful ANOVA, the hypothesis that there is no significant 
difference in pitch discrimination ability between subjects 
who participate in musical experiences in school and 
subjects who do not was not rejected. 
Pearson correlation coefficients were computed between 
the number of months of participation in the school music 
program (for Groups 3 and 4) and the DLFs at each reference 
frequency. Among the subjects enrolled in School B, the 
obtained r coefficients indicated little, if any, 
correlation between these variables (Table 9). 
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TABLE 8 
RESULTS OF MEDIAN TEST: DIFFERENCES IN DLF 
WHEN GROUPED BY SCHOOL 
250 Hz Subtest 
School 
A 
School 
B 
500 Hz Subtest 
School 
A 
School 
B 
Cases > Median 
Cases < Median 
6 
14 
13 
6 
9 
11 
8 
11 
Chi-Square 4.322 (£ = .04) ,020 (2 - .88) 
TABLE 9 
CORRELATION BETWEEN DLF AND MONTHS OF PARTICIPATION 
IN SCHOOL MUSIC (GROUPS 3 AND 4) 
Pearson r 
DLF 250 Hz -.054 
DLF 500 Hz .189 
As a group, subjects in School B did not perform as 
well as expected, based on published studies of the effect 
of musical experiences on pitch discrimination ability. In 
addition, although subjects in Groups 1 and 2 (School A) did 
not participate in a school music education program, it was 
possible that these subjects might have participated in 
extracurricular musical activities present in their homes 
that were related to the smaller sizes of difference limen. 
The results from the "Home Music Background" and "Music 
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Activities in the Classroom" questionnaires were tabulated 
and converted to percentages in order to determine possible 
differences in musical experiences between the subjects at 
School A and School B. 
Home Music Background 
Data from the "Home Music Background" questionnaire 
(Appendix B) were analyzed in order to assess musical envi­
ronment in the home. These questionnaires were completed by 
a parent or guardian. As stated previously, the percentage 
of completed and returned questionnaires from School A was 
100% (n = 20) and the return rate from School B was 42% 
(n = 8). Within each school, results from questionnaires 
concerning the older and younger groups were combined; the 
data discussed below were not differentiated by age 
groupings. 
Table 10 presents the results to the question, "Do you 
have any of the following in your home?" Parents were asked 
to indicate the presence of a radio, record player/stereo, 
tape player, television, piano, guitar, or other musical 
instruments. 
Parents were questioned about musical activities of 
adults and siblings in the child's home. All of the 
respondents reported that there were adults in the home who 
listened to music. Sixteen (80%) of the respondents 
associated with School A and six (75%) of the respondents 
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TABLE 10 
PRESENCE OF MUSICAL EQUIPMENT IN THE HOME 
No. of Responses (%) 
School A School B 
Radio 
Record player/stereo 
Tape player 
Television 
Piano 
Guitar 
Other musical instruments 
20 (100%) 8 (100%) 
19 ( 95%) 5 ( 62%) 
19 ( 95%) 7 ( 88%) 
20 (100%) 6 ( 75%) 
1(5%) 2 ( 25%) 
5 ( 25%) 3 ( 38%) 
1(5%) 2 ( 25%) 
associated with School B reported that they sang in the 
presence of the child in the home. Three parents from each 
school reported that there was an adult in the home that 
played a musical instrument. When asked if any adults in 
the home had formal music training, two (10%) respondents 
from School A and one (12%) respondent from School B indi­
cated prior music training such as voice or piano lessons. 
Parents were also asked if any adults in the home were 
involved in a music-related occupation; one adult (School A) 
was a radio disk jockey and one adult (School B) was a 
church pianist. 
Among the parents of subjects from School A, five (25%) 
respondents reported that an adult in the home participated 
in a musical group (church choir, community chorus). Eleven 
(55%) respondents indicated they attended musical concerts; 
when asked to estimate the frequency of attendance at 
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musical concerts, seven responded "at least yearly," two 
responded "at least twice a year," one responded "at least 
monthly," and one responded "weekly;" one respondent did not 
indicate the frequency. 
Among the respondents associated with School B, no 
adults participated in a musical group. Two (25%) 
respondents reported that adults in the home attended 
musical concerts at least twice a year or yearly. 
Responses regarding the musical activities of siblings 
in the home were generally homogeneous. Seventeen subjects 
from School A and seven subjects from School B had brothers 
or sisters who listened to music at home. Sixteen (80%) 
subjects from School A and six (75%) subjects from School B 
had siblings who sang at home in the presence of their deaf 
brother or sister. Responses by parents of children at 
School A indicated that five (25%) subjects had siblings who 
participated in a musical group in or out of school (church 
choir, band, school chorus); only two (10%) of the deaf 
subjects had brothers or sisters who played a musical 
instrument at home. Responses by parents of children at 
School B indicated that three (38%) subjects had siblings 
who participated in a musical group, two (20%) subjects had 
siblings who played a musical instrument at home, and three 
(38%) subjects had siblings who had taken music lessons. 
Parents were asked several questions regarding the deaf 
child's musical activities in the home. Only one child 
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(School A) was reported to have taken music lessons outside 
of school (through a church), although the specific type of 
music instruction was not indicated. When asked if their 
deaf child was taken to musical concerts, almost half of the 
respondents (9 or 45%) from School A answered "yes," with 
concerts at church being the most frequent type of concert 
attended. Two (25%) respondents from School B reported that 
the deaf child in their family attended musical concerts. 
Respondents were given a list of six musical activities 
and asked to check which, if any, their deaf child seemed 
interested in at home. Table 11 presents the data from this 
question. 
TABLE 11 
PARENTAL OBSERVATION OF MUSICAL ACTIVITIES IN THE HOME 
Activity No. of Responses (%) 
School A School B 
Singing 10 (50%) 5 ( 62%) 
Listening to the radio 14 (70%) 8 (100%) 
Playing records/tapes 14 (70%) 4 ( 50%) 
Watching musical programs 
on TV 16 (80%) 7 ( 88%) 
Dancing 19 (95%) 6 ( 75%) 
Playing musical instruments 3 (15%) 2 ( 25%) 
Parental attitudes may influence a child's interest in 
music. Respondents were asked (a) if they felt musical 
activities are of value for hearing-impaired children in 
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general, and (b) if they felt musical activities are of 
value for the hearing-impaired child in their family. 
Responses are summarized in Table 12. 
TABLE 12 
ATTITUDES OF PARENTS TOWARD MUSICAL ACTIVITIES FOR 
HEARING-IMPAIRED CHILDREN 
Question Percent of Responses 
School A School B 
"Yes" "No" NR "Yes" "No" NR 
Do you feel musical 
activities are of value 
for hearing-impaired 
children in general? 95% 0% 5% 88% 12% 0% 
Do you feel musical 
activities are of value 
for the hearing-impaired 
child in your family? 90% 0% 10% 100% 0% 0% 
Respondents were also asked to indicate on a visual 
analog scale, with the extreme ends labeled "no value" and 
"great value," the point that represented their opinion of 
the value of music for deaf children. Possible values on 
the continuum ranged from 0 to 10. The actual responses 
ranged from a low of 4.5 to a high of 10. The mean value 
indicated by respondents for School A subjects was 7.36; the 
mean value indicated by respondents for subjects from School 
B was 7.78. Within each school, the mean values among 
parents of older and younger subjects were similar. 
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A "Home Music Background" score was calculated for each 
subject by totaling the number of "yes" responses on the 
questionnaire. Among School A subjects, the range of scores 
was 10 to 23 (out of 30 possible points), with a mean of 
15.5. Among School B subjects, the range of scores was 11 
to 20, with a mean of 15.5—identical to the mean of School 
A subjects. 
Responses to the questions regarding musical equipment 
or musical activities in the home completed by the 
hearing-impaired parents of three subjects did not vary 
noticeably from the responses of the hearing parents. 
However, it is interesting to note that the three lowest 
values indicated on the visual analog scale of parental 
opinions of the value of music for hearing-impaired children 
(4.5, 4.5, and 4.7) were the responses of the three 
hearing-impaired parents. 
Music Activities in the Classroom 
Results from the "Music Activities in the Classroom" 
questionnaire (Appendix B) were tabulated, and comparisons 
were made between responses of teachers from School A (nine 
teachers) and School B (11 teachers). The teachers were 
asked how many years of teaching experience they had with 
hearing-impaired and hearing children. They were also asked 
to list any music courses (undergraduate or graduate), in­
formal music training (such as private lessons or community 
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chorus)* or special training in music for hearing-impaired 
children they had received. The information regarding the 
teaching experiences and educational background in music of 
the classroom teachers is summarized in Table 13. 
The teachers were asked to indicate the frequency with 
which children in their class participated in music-related 
activities. The actual music-related activities teachers 
implemented in the classroom are presented in Table 14. Two 
of the three teachers from School A who responded "never" to 
the question "How often do the children in your class 
participate in music-related activities" indicated some 
"nonstructured" music-related activities that students 
occasionally participated in such as singing/signing "Happy 
Birthday," Christmas carols, and demonstrating dances to 
classmates. 
TABLE 13 
TEACHING EXPERIENCES AND MUSIC TRAINING OF 
CLASSROOM TEACHERS 
School A School B 
Teaching Experience 
Hearing-Impaired 
Hearing 
13.3 
.5 
Mean in Years 
13.2 
. 6  
Education/Training in 
Music 
One college course 
Two or more courses 
Informal training 
Special training in music 
3 (33%) 
6 (67%) 
7 (78%) 
No. of Responses (%) 
2 (18%) 
1 ( 9%) 
7 (64%) 
for H-I children 0 ( 0%) 2 (18%) 
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TABLE 14 
FREQUENCY AND DESCRIPTION OF MUSIC-RELATED 
ACTIVITIES IN THE CLASSROOM 
No. of Responses 
School A School B 
Frequency of participation in 
music-related activities 
At least daily 0 6 
At least once a week 3 2 
At least twice a month 1 1 
At least monthly 1 1 
At least twice a year 1 1 
Once a year 0 0 
Never 3 0 
Music-Related Activities 
Used in the Classroom 
Playing musical instruments 3 1 
Singing/signing songs 8 7 
Movement exercises 2 2 
Listening to music 3 2 
Dancing 3 2 
Attending musical performances 0 1 
Discussing music/musicians 1 1 
The objectives of the 17 teachers who planned music-
related activities for use in the classroom are presented in 
Table 15. The respondents were asked to check all the 
objectives that apply. Traditional musical objectives as 
well as objectives that are commonly cited by educators of 
the deaf were included on the list. One teacher commented 
that music was used to increase students' knowledge of other 
cultures, particularly through learning Christmas songs. 
The teachers were asked to indicate their opinion of 
the value of music for deaf children on a visual analog 
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scale identical to the scale on the "Home Music Background" 
questionnaire completed by parents. Responses of teachers 
from School A ranged from 4.3 to 7.7, with a mean of 5.68. 
Responses of teachers from School B were somewhat higher, 
although not significantly different (£ = .20); they ranged 
from 4.8 to 9.6, with a mean of 6.67. Two teachers from 
School B commented that the value of music was related to 
the severity of the hearing loss and did not complete this 
part of the questionnaire. 
TABLE 15 
OBJECTIVES OF MUSIC-RELATED ACTIVITIES 
IN THE CLASSROOM 
No. of Responses 
School A School B 
Language development 3 6 
Speech development 1 4 
Motor development 1 3 
Aural awareness 0 4 
Develop appreciation of music 3 1 
Develop musical concepts 
about rhythm, melody, form, etc. 1 0 
Self-expression through music 3 4 
Aesthetic development 1 0 
Social development 3 1 
Relaxation 2 2 
Recreation 3 2 
Based on the information gained from the "Music 
Activities in the Classroom" questionnaire, it appears that 
while teachers in School B may place a greater value on 
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music activities for hearing-impaired students, teachers in 
both schools have a tendency to include (or exclude) music-
related activities in their classroom at comparable rates. 
At each school, the most frequently used music activity in 
the classroom was "singing" songs with sign language. When 
music is included, objectives are generally similar and 
reflect both musical and nonmusical goals. It is reasonable 
to conclude that any differences in pitch discrimination 
abilities between groups of students at School A and School 
B are probably not related to the incidental use of music in 
the classroom. 
Relationship between Hearing Levels 
and Pitch Discrimination 
Pearson correlation coefficients were calculated to 
examine the relationship between hearing level and DLF at 
each test frequency. Results are presented in Table 16. 
TABLE 16 
CORRELATION BETWEEN HEARING LEVEL AND 
DLF AT 250 AND 500 Hz 
Frequency 
Group 250 Hz 500 Hz 
1 (older) 38 
86* 
07 
46 
63** 
54 
68** 
55 
2 (younger) 
3 (older) 
4 (younger) 
Total Group 
73** 
60 
*£ = .001 **£ < .05 
63 
There is a moderate to high positive correlation 
between the DLF at each reference frequency and the 
corresponding hearing level at that frequency only for 
Groups 2 and 4, the younger subjects. For these subjects, 
an increase in the size of the DLF (indicating a decrease in 
pitch discrimination ability) is related to a greater 
hearing loss at the respective test frequency. 
A series of one-way ANOVA tests was computed to 
identify any possible group differences between hearing 
levels at 125, 250, 500, 1000, 2000, and 4000 Hz. Although 
the group differences at each hearing level were not 
statistically significant, smaller probability levels were 
associated with the differences between groups on the 
hearing levels at 250, 500, and 1000 Hz, with the smallest 
probability level (£ = .14) at 250 Hz. This suggests that if 
there is a strong relationship between each DLF and the 
corresponding hearing level for the younger children, and if 
there are differences between groups in hearing levels at 
250 and 500 Hz, the size of the hearing loss at certain 
frequencies might be a suitable predictor of pitch 
discrimination ability for some groups of children. 
The Prediction of Pitch Discrimination Ability 
Although the null hypotheses that age and musical 
experiences would have no effect on the DLFs of this 
population of deaf children were not rejected, the results 
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reported above suggest that hearing level at the frequency 
of the reference frequency may be a possible predictor of 
the size of the DLF. In addition, academic achievement 
levels were examined as suitable predictors of pitch dis­
crimination ability of hearing-impaired children. 
Pearson correlation coefficients were calculated to 
examine possible relationships between the reading and math­
ematics grade level equivalents (GLEs) and each DLF. There 
were statistically significant (£ < .05) negative relation­
ships between the reading (r = -.42) and mathematics 
(r = -.39) GLEs and the DLF at 250 Hz. There was little 
correlation between the GLEs and the DLF at 500 Hz. 
The independent variables in this study were age, sex, 
hearing levels, GLE in reading and mathematics, hearing 
status of the parents or guardians, participation in a 
school music program, and music environment in the home and 
classroom. Because of the lack of variance in music 
environment and hearing status of the parents or guardians, 
these variables were omitted from a multiple regression 
analysis. The SPSSX "Regression" subprogram was used to 
analyze data for the best predictors of pitch discrimination 
ability. Separate regression analyses were completed for 
each of the dependent variables (DLF at 250 Hz, DLF at 500 
Hz). A design statement that allows for stepwise inclusion 
of the independent variables in the regression equation was 
used to aid in examining the degree of multicollinearity 
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among the predictors. With this design statement, variables 
were entered into the equation if they met the criterion for 
inclusion, which was a probability level of .05 associated 
with the F statistic. 
An inspection of the matrix of correlation coefficients 
between the variables (Table 17) reveals that a substantial 
correlation exists among several independent variables, 
particularly between the various measures of hearing levels, 
and between the reading and mathematics GLE. Since an ideal 
prediction model would consist of predictors that correlate 
moderately with the criterion variable and demonstrate a low 
correlation among themselves, it was unlikely that many of 
the independent variables would make a significant 
contribution to the variance in the measures of DLF at 250 
and 500 Hz. When the stepwise multiple regression was 
performed with the DLF at 250 Hz as the criterion variable, 
only two variables, hearing level at 250 Hz and mathematics 
GLE, were entered into the regression equation before the 
criterion for inclusion (a significance level of at least 
.05) was reached. Only one variable, the hearing level at 
250 Hz, was entered into the regression equation for the DLF 
at 500 Hz; none of the remaining variables were found to 
contribute significantly to the model. The summary of this 
analysis is shown in Table 18. 
DLF 250 
MATRIX OF 
DLF 500 SEX 
TABLE 17 
CORRELATION COEFFICIENTS 
HL 125 AGE PISM HL 250 HL 500 
DLF 250 1.000 
DLF 500 .715 1.000 
Sex - .011 .139 1.000 
Age - .047 .133 .144 1.000 
PISM .186 .116 .004 .114 1.000 
HL 125 .537 .458 .051 .171 .083 1.000 
HL 250 .602 .552 .055 .111 .288 .859 1.000 
HL 500 .551 .548 .213 - .085 .252 .682 .804 1.000 
HL 1000 .322 .402 .134 .037 .187 .936 .517 .778 
HL 2000 .214 .338 .039 .114 - .034 .784 .251 .396 
HL 4000 - .004 .207 .103 .160 .071 .661 .172 .368 
Reading - .417 - .118 .206 .453 - .111 .038 - .132 - .168 
Math - .389 - .063 .153 .538 - .289 .117 - .104 - .249 
HL 1000 HL 2000 HL 4000 Reading Math 
HL 1000 1.000 
HL 2000 .632 1.000 
HL 4000 .604 .749 1.000 
Reading - .199 - .094 .012 1.000 
Math - .168 - .099 - .035 .823 1.000 
(PISM = Participation in school music; HL = hearing level) 
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TABLE 18 
STEPWISE MULTIPLE REGRESSION SUMMARY 
Variable Multiple R R2 F Prob. 
Dependent Variable: DLF 250 Hz 
HL 250 Hz .61456 .37769 17.60 .0002 
Math GLE .69142 .47806 12.823 .0001 
Dependent Variable: DLF 500 Hz 
HL 250 Hz .48665 .23683 8.9995 .0055 
Summary and Discussion of the Results 
The results from the present study are summarized 
below. 
1. Although the absolute DLPs at 500 Hz were larger 
than the DLPs at 250 Hz, the median relative DLFs for the 
combined groups at each reference frequency only varied by 
1.25% (16% at 250 Hz and 17.25% at 500 Hz). These 
percentages of change are comparable to the musical 
intervals that are slightly smaller than a minor third (19% 
change of frequency). 
2. The hypothesis that there would be no difference in 
DLFs between the older group of subjects (mean age = 11 yr. 
11 mo.) and the younger group of subjects (mean age = 8 yr. 
4 mo.) was not rejected. 
3. The hypothesis that there would be no difference in 
DLFs between subjects from School B, who participated in 
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regular music instruction (called "rhythms" by school 
personnel) and subjects from School A, where music 
instruction was not included in the educational curriculum, 
was not rejected. Although subjects from School A 
demonstrated smaller difference limen, an analysis of 
variance did not reveal a statistically significant 
difference between the subjects when grouped by school. An 
analysis of the home music background and classroom music 
activities of School A subjects did not reveal any 
explanation for the better pitch discrimination abilities 
that might be attributed to musical training or musical 
experiences. The differences in pitch discrimination 
ability between the subjects when grouped by school could 
not be explained by differences in musical experiences. 
4. Among the older subjects, there was only a slight 
positive correlation between the DLF at 250 Hz and the 
corresponding hearing level; at 500 Hz, the relationship 
between DLF and hearing level was low to moderate. For the 
younger subjects, however, there were moderate to high 
positive correlations at 250 Hz and 500 Hz between the DLF 
and hearing levels. 
5. There was a statistically significant (£ < .05) 
negative relationship between academic achievement levels in 
reading and mathematics and the DLF at 250 Hz. There was 
little correlation between academic achievement levels and 
the DLF at 500 Hz. 
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6. When all subjects were grouped, the best predictor 
for the DLF at either 250 or 500 Hz was the hearing level at 
250 Hz. In the regression on DLF at 250, 38% of the vari­
ance could be accounted for in the hearing level at 250 Hz; 
however, when the grade level equivalent for mathematics was 
added into the multiple regression equation, the amount of 
variance in the DLF at 250 Hz that could be explained in­
creased to 48%. At 500 Hz, the R squared value when hearing 
level at 250 Hz was added into the equation was only 24%. 
Comparison of the Results 
with Previous Research 
The results from the pitch discrimination test 
administered in the present study are compared to the 
results from previous research in Table 19. The absolute 
sizes of the reported DLFs vary widely between studies. 
Nevertheless, the DLFs obtained in the present study are 
considerably larger than the DLFs of hearing-impaired 
subjects that have been reported by previous researchers. 
For example, at the reference frequency of 250 Hz, Houchins 
(1962/1968) reported a median DLF of 29 Hz for a group of 18 
deaf children ages 11 to 13. This value is slightly larger 
than the median DLF at 250 Hz for Group 1 of the present 
study. Gengel (1969a) measured the pitch discrimination 
abilities of 23 deaf children (ages 10 to 16) during three 
testing sessions. At the first testing session, the median 
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DLF at 250 Hz was 18 Hz and at the 500 Hz reference 
frequency, the median DLF was 48 Hz. When Gengel presented 
a stimulus with a variable amplitude, the median DLFs were 
comparable to the results from the present study; at 250 Hz 
the DLF was 42 Hz and at 500 Hz, the DLF was 104 Hz. 
TABLE 19 
DLFs OBTAINED FROM HEARING-IMPAIRED CHILDREN: 
SUMMARY OF RESEARCH FINDINGS 
Author Ages of Frequency 
Subjects 250 500 1000 2000 
Strizver (1957) 14-17 55.0 90.0 100 
Bradley (1959) 9-14 69.4 94.3 194 
Di Carlo (1962) 11-14 25.5 53.0 
Houchins (1962/68) * 10-13 14.5 43.0 83 
Houchins (1962/68) 11-13 29.3 84.0 
Gengel (1969a)* 9-15 17.5 31.5 
Gengel (1969a) 10-16 18.0 48.0 
Ford (1985) 6-12 39.9 86.2 
*Hard-of-hearing subjects 
There are several potential explanations for the 
variability of reported results regarding the pitch discri­
mination abilities of hearing-impaired children. First, 
there has been no standardization of methods and procedures. 
The present study employed a modification of the method of 
constant stimuli similar to the method used by Gengel 
(1969a). Gengel recorded pairs of tones in which the 
reference frequency was the first or second tone in the 
pair; the subject responded "low-high" or "high-low." Other 
researchers have designed tests that required a "same" or 
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"different" response as in the present study, but have 
varied other procedures. 
Gengel measured the DLF at 250 and 500 Hz. Most 
earlier researchers, however, studied pitch discrimination 
at higher frequencies, particularly the frequencies 
prominent in the speech range (500 to 2000 Hz). Other 
researchers have been interested in the effect of a high 
frequency loss on the pitch discrimination at lower 
frequencies. Consequently, research investigating the 
ability of hearing-impaired children to discriminate pitch 
at a full range of frequencies is not yet available. 
A second explanation for the variability between 
studies is related to the differences in stimuli used for 
pitch discrimination tests. Previous researchers have been 
primarily interested in the pitch discrimination abilities 
of hearing-impaired children because of the implications for 
speech therapy and auditory training; all of the previous 
studies summarized in Table 19 employed pure tone stimuli. 
A stimulus with a complex wave form, rather than a pure tone 
wave form, was used in the present study because it was 
hypothesized that the overtones would aid in pitch 
discrimination. 
The variability between studies may also be explained 
by differences between groups of hearing-impaired children 
selected as subjects, particularly differences in ages, 
prior pitch discrimination training or musical experiences, 
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and hearing levels. Earlier researchers have not distin­
guished between ages within a group of hearing-impaired 
children as a variable in pitch discrimination ability. 
Gengel (1969a) tested subjects 10 years 4 months to 16 years 
8 months in age. The range of ages (6 years 4 months) is 
almost identical to the range of ages in the present study 
(6 years 5 months); however, the mean age of Gengel's 
subjects was 13 years 10 months as compared to the mean age 
of 10 years 1 month of the present group of subjects. Other 
researchers have tested hearing-impaired children with older 
mean ages than the subjects in the present study. Although 
no significant differences in the size of DLF were found 
when subjects were grouped by age, it is possible that the 
larger DLFs of the current subjects when compared to 
subjects in the previous research are related to the younger 
mean age. 
Researchers have reported positive correlations between 
musical training and pitch discrimination among groups of 
hearing children. However, previous investigators of the 
pitch discrimination abilities of hearing-impaired children 
have not reported attempts to control the influence of prior 
musical experiences and/or training. Although it is assumed 
that as a group, hearing-impaired children are generally not 
exposed to formal music education as frequently as hearing 
children, trends in education of the deaf suggest that 
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planned musical activities are becoming more common in 
schools for the deaf (Shroyer & Ford, 1985). 
Although the 19 subjects who attended School B 
participated in regularly scheduled music classes, their 
mean DLFs were not significantly different from the mean 
DLFs of the subjects who attended School A. This was 
surprising, considering reports of the effect of musical 
experiences on pitch discrimination ability. An analysis of 
questionnaires completed by classroom teachers and parents 
of subjects from each school suggested that the subjects in 
the present study shared similar music backgrounds. 
Although parents indicated favorable opinions about the 
value of music for hearing-impaired children, musical 
experiences such as private instrumental lessons or concert 
attendance were not common. All subjects, however, were 
exposed to music incidentally as evidenced by the presence 
of radios, record players, and other musical equipment in 
the home. 
Differences in hearing levels may explain some of the 
variability between reported results of pitch discrimination 
tests administered to hearing-impaired children. For 
example, the average hearing levels of Houchins1 group of 
deaf subjects at 250 and 500 Hz were 25% and 21% lower than 
the average hearing levels of the subjects from the present 
study. Di Carlo (1962) tested a group of children with a 
pure tone average loss (PTA) of 70 dB; the subjects in the 
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present study had a mean PTA of 86 dB. Gengel's (1969a) 
deaf subjects displayed similar audiometric thresholds when 
compared to the present subjects. Nevertheless, Gengel 
suggested that his (Gengel's) familiarity with the deaf 
children who served as subjects might have influenced the 
subjects' motivation to do well in the pitch discrimination 
tasks. 
A common research design has been to compare the 
performance of hearing, hard-of-hearing, and deaf children 
on pitch discrimination tasks. Gengel and Houchins reported 
that although the three groups of subjects may differ in 
pitch discrimination abilities, the size of the DLF at lower 
frequencies, particularly 250 Hz, was not significantly 
related to the amount of hearing loss among their respective 
groups of deaf subjects. The results of the present study 
did not corroborate this finding. 
Researchers have reported that hearing level was a 
better factor in predicting the size of the DLF at higher 
rather than at lower frequencies (Gengel, 1969a? Houchins, 
1962/1968). The older subjects in the present study follow 
this trend. The younger subjects, however, had DLFs that 
demonstrated a moderate to high positive correlation with 
the corresponding hearing level at both 250 and 500 Hz. Age 
differences between these subjects (mean age = 8 years 4 
months) and the subjects in the Houchins (mean age = 11 
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years 11 months) or Gengel (mean age = 13 years 10 months) 
studies may be related to the different findings. 
All 39 subjects in the present study displayed severe 
to profound average hearing losses; however, hearing levels 
at 250 Hz varied from 35 to 90 dB, with a mean of 66 dB. At 
250 Hz, 18 subjects had a hearing level less than or equal 
to 65 dB; 21 subjects had a hearing level greater than 65 
dB. A one-way ANOVA was computed to compare mean DLFs when 
subjects were classified into one of the two groups 
according to hearing level at 250 Hz (Table 20). Signifi­
cance levels beyond .001 were found for the difference limen 
at both 250 and 500 Hz. An ANOVA was also computed to 
compare difference limen between subjects when classified 
according to PTA (< 88 dB or > 88 dB); similar significant 
results were demonstrated, although probability levels were 
somewhat larger for the DLF variable at 250 Hz (£ = .04) 
than for the DLF at 500 Hz (£ < .005). These findings serve 
to strengthen the observation that for this group of 
subjects, pitch discrimination at both 250 and 500 Hz was 
related to hearing levels. 
As discussed above, it is difficult to make direct 
comparisons between the present results and results of 
previous studies because of differences in methodology, 
stimuli, and subjects. One finding, however, has been 
consistently observed by investigators of the pitch discri­
mination abilities of hearing-impaired children. The 
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TABLE 20 
ANALYSIS OF VARIANCE SUMMARY: DLF BY HEARING LEVEL 
Source of DF Sum of Mean F Sign. 
Variation Squares Squares 
DLF at 250 Hz 
Between Groups 1 10266.420 10266.420 15.620 .0003 
Within Groups 37 24319.037 657.271 
Total 38 34585.457 
DLF at 500 Hz 
Between Groups 1 36809.987 36809.987 19.001 .0001 
Within Groups 37 71678.374 1837.253 
Total 38 108488.361 
variability within a group of hearing-impaired subjects has 
been observed by many researchers (Houchins, 1962/1968; 
Shutts, 1950; Strizver, 1957). Bradley (1959) wrote that 
hearing-impaired subjects were the least consistent among 
the subjects studied. There are several possible sources 
for this wide variability to discriminate pitch as evidenced 
in the present study. 
During the creation and recording of the pitch 
discrimination test, duration, intensity, and timbre were 
carefully monitored and controlled. Nevertheless, it is 
impossible to rule out the fact that some children may have 
made judgments based on cues other than pitch differences. 
The variable tones around the reference frequency may not 
have been perceived as being equally loud by some of the 
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subjects with sharply sloping audiometric profiles or by 
subjects who experienced recruitment (an abnormal growth in 
loudness sensations as a function of intensity). It is 
possible that the presence of overtones in the test stimuli 
may have caused some pitch confusion in subjects, who 
normally undergo regular audiometric testing with pure tone 
stimuli. In addition, subjects with profound losses may 
have relied on vibrotactile sensations at the ear to make 
pitch judgments. 
Although all subjects had sensorineural hearing losses 
of a magnitude that precluded educational placement in a 
"normal" elementary school, it was not possible to control 
for differences in auditory experiences within the group of 
subjects. It is possible that the early diagnosis of the 
hearing loss and prescription of amplification would give 
some children an advantage in the pitch discrimination 
tasks. For example, an 11-year-old male who was rejected 
as a subject because of the inability to make reliable 
judgments on the practice trials of the pitch discri­
mination test had never been fitted for a hearing aid prior 
to his admittance into the school for the deaf approximately 
one year earlier. He readily demonstrated an understanding 
of the concept of "same/different" when applied to visual 
stimuli; however, he was not able to apply the concept to 
auditory stimuli, even though the intensity of the stimuli 
was well above his hearing threshold. A speech therapist at 
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the school compared his understanding of auditory stimuli to 
that of a preschooler. Some hearing-impaired children may 
have had limited experiences that required them to transfer 
a concept of "same/different" to an auditory stimulus. In 
addition, some subjects may have demonstrated large DLFs 
because of a confusion of terminology or even a learning 
disability related to auditory processing. 
While some subjects were able to discriminate pitches 
as close together as a minor second, several subjects did 
not demonstrate difference limen smaller than the largest 
change of frequency at a level greater than 70%. This is 
not surprising, because similar results have been reported 
for hearing children. When Duell and Anderson (1967) tested 
the pitch discrimination abilities of first-, second-, and 
third-grade students, they reported that 4% of the subjects 
did not discriminate intervals as large as a major sixth. 
In a related study with younger subjects, Webster and 
Schlentrich (1982) reported that 34% of the 4- and 5-year-
old subjects responded at or below chance regardless of the 
response modes when asked to complete tasks related to the 
discrimination of pitch direction. 
Some of the variability within the group of subjects in 
the present study may be linked to the testing procedure 
itself. Because it was necessary to administer the pitch 
discrimination test at the schools the subjects attended, 
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the testing equipment was designed to be portable, and 
therefore, the test was recorded and administered via a 
cassette player. Certain limitations are inevitable, 
however, when using a stimulus that has been prerecorded. 
It was obvious that several children would have demonstrated 
smaller DLF if it had been possible to adjust the changes of 
frequency that were presented on the test. For example, 
several subjects responded "different" with 100% accuracy to 
one change of frequency; at the next smaller change of 
frequency, they responded "same" to 100% of the trials. An 
interpolation of the 75% point between these two changes of 
frequency provides only an estimate of the size of the 
difference limen, whereas test items with variable 
frequencies between the two points may have provided a more 
accurate assessment of the pitch discrimination ability. 
While certain trends may be identified, there is no 
reliable way to account for all the individual differences 
within the group of subjects. For example, the nine 
subjects in Group 3 demonstrated median difference limen and 
mean hearing losses that were considerably larger than that 
of the other three groups. However, when a separate 
regression analysis was computed for the subjects in Group 
3, no predictor variables were identified at the .05 level. 
It is impossible to draw specific conclusions about the 
absolute difference limen of these hearing-impaired 
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subjects. Because of the recognized variability in 
populations of deaf children, any generalization of the 
findings in this study to other deaf children, aside from 
general trends, should be approached cautiously. 
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CHAPTER V 
SUMMARY AND CONCLUSIONS 
The ability to discriminate pitch is a fundamental 
behavior in music learning and appreciation. The difference 
limen for frequency (DLF)f which is defined as the smallest 
change in frequency necessary for a listener to detect a 
change in pitch, is a common measurement of pitch discrimi­
nation ability. Studies of subjects with normal hearing 
have revealed that several factors may affect the size of 
the DLF, including the physical properties of the sound 
stimulus, differences among individual listeners, and method 
of measurement. Although a hearing-impaired person may 
experience deficiencies in pitch discrimination because of 
the nature of the hearing loss, identification of factors 
that influence pitch discrimination would enable educators 
to implement meaningful music education programs that 
address the special needs of hearing-impaired children. 
The primary purpose of the present investigation was to 
study the effect of age and musical experiences on the 
ability of a group of deaf children to discriminate the 
pitch of complex tone stimuli. In addition, possible 
relationships between DLF and factors such as hearing levels 
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and academic achievement were examined and compared to 
previously reported results. 
A total of 39 children were selected from two 
residential schools for the deaf. Research groups consisted 
of the following subjects: (a) ten children between the ages 
of 11 and 12 who were enrolled in "School A" where music was 
not included in the educational curriculum (Group 1), (b) 
ten children between the ages of 7 and 8 who were also 
enrolled in School A (Group 2), (c) nine children between 
the ages of 11 and 12 who were enrolled in "School B" where 
music was a regular component of the educational curriculum 
(Group 3), and (d) ten children between the ages of 6 and 9 
who were also enrolled in School B (Group 4). 
A pitch discrimination test was developed to obtain DLF 
measurements at 250 and 500 Hz. A modification of the 
method of constant stimuli in which all variable frequencies 
were above the reference frequency was employed. The 
subjects' task was to judge whether pairs of tones were 
"same" or "different." The test was administered by the 
researcher employing a cassette tape player. Subjects, who 
were tested individually, adjusted the intensity of the test 
stimuli to a comfortable listening level. The testing 
procedure included practice items before the subtests at 
both 250 and 500 Hz in order to ascertain that subjects 
understood the terms "same/different" and could make 
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reliable pitch judgments when presented pairs of tones with 
large changes of frequency. 
Information regarding subjects' hearing levels and 
academic achievement was gathered from the most recent 
records in each school. In addition, parents and classroom 
teachers of the subjects completed questionnaires concerning 
home music background and classroom music activities to 
determine the extent of extramusical activities and to 
determine any possible differences in music background 
between School A and School B subjects. 
Analysis of variance, regression, nonparametric, and 
descriptive subprograms from the SPSSX statistical package 
were employed to analyze the data. The results were as 
follows: 
1. Among the total group of subjects, the DLF sizes at 
250 Hz ranged from 17.5 to greater than 103 Hz; the median 
DLF was 39.9 Hz. For the 500 Hz subtest, the DLF sizes 
ranged from 26 to greater than 205 Hz; the median DLF was 
86.2 Hz. The distributions of scores for each subtest were 
positively skewed and standard deviations were relatively 
large. These DLF measurements were larger than results 
obtained in previously reported studies with hearing-
impaired children. 
2. There were no significant differences (£ > .05) in 
the sizes of the DLF when subjects were classified into 
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older (mean age of 11 yrs. 11 mos.) or younger (mean age of 
8 yrs. 4 mos.) groups. 
3. There were no significant differences (£ > .05) in 
the sizes of the DLF that might be attributed to partici­
pation in a school music program when subjects were grouped 
according to school enrollment. In addition, responses on 
the "Home Music Background" and "Musical Activities in the 
Classroom" questionnaires did not reveal significant 
differences in these areas between subjects from School A 
and School B. 
4. There were moderate to high positive correlations 
between the DLF and corresponding hearing level at 250 and 
500 Hz among both groups of younger subjects. Among the 
older subjects, there was a low correlation at 250 Hz; at 
500 Hz, however, there was a moderate positive correlation 
between DLF and hearing level. When subjects were 
reclassified into two groups according to the severity of 
their hearing loss, there were statistically significant 
differences (£ < .001) in DLF sizes at both reference 
frequencies. 
5. For the total group of subjects, there was a 
statistically significant (£ < .05) negative relationship 
between academic achievement levels in reading and 
mathematics and the DLF at 250 Hz; this relationship was not 
evident for the DLF at 500 Hz. 
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6. For the total group of subjects, the best predictor 
of DLF sizes at 250 and 500 Hz was the hearing level at 250 
Hz. In addition, the mathematics grade level equivalent was 
an effective predictor at 250 Hz when entered into a 
multiple regression equation with the hearing level at 250 
Hz. 
The results were compared to those of previous 
researchers. Findings related to DLF sizes were consistent 
with previously reported results that suggest hearing-
impaired children, as a group, are less sensitive to 
frequency changes than hearing children or hearing-impaired 
adults. Since the present group of subjects was younger 
than any previously reported group of hearing-impaired 
children in comparable studies, the larger DLFs of the 
present subjects as compared to the DLFs of other subjects 
may be related to the lower mean age of the group. Although 
there was no statistical difference in DLFs when the 
subjects were grouped by age, it is plausible that the 
difference in mean ages was not large enough to allow the 
detection of a possible effect of age on pitch discrimina­
tion ability. It is also likely that the large DLF scores 
exhibited by the subjects in Group 3 (ages 11 to 12), 
probably related to their more profound hearing losses, 
counteracted any possible effect due to age. Nevertheless, 
if pitch discrimination is developmental, the results 
suggest that, as a group, hearing-impaired children may be 
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developmentally delayed, possibly as a result of lack of 
exposure to auditory stimuli, including music. 
Although the subjects from School B participated in 
regular school music classes, there was no evidence that 
these experiences affected pitch discrimination ability. 
The music classes, called "rhythms" by school personnel, 
focused on a variety of musical activities that were 
experiential in nature. There was no special emphasis on 
pitch discrimination training. Aside from a stereo sound 
system in the music classroom, there was no other special 
amplification system in place. In addition, some children 
did not consistently wear hearing aids to the music class. 
There was little correlation between the DLF sizes and 
months of participation (based on length of enrollment in 
the school) in the music program. It is possible, however, 
that the greater hearing losses of the subjects in Group 3 
may have affected any positive influences participation in 
the music class may have had on pitch discrimination. 
Previous research suggests that practice in discrimina­
ting pitches is related to improved pitch discrimination 
among hearing-impaired subjects. For hearing-impaired 
children, mere exposure to music and music-related activi­
ties may not provide the type of practice that results in 
better pitch discrimination. Among hearing children, 
researchers have described the positive effects of a 
musically rich home environment that includes frequent 
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opportunities for listening to and making music with family 
members. Responses to the "Home Music Background" 
questionnaire, while supportive of music for deaf children, 
generally did not indicate these influential musical 
experiences. 
Suggestions for Future Research 
Additional research questions that arose during the 
present research may be worthy of investigation by future 
researchers. They include the following research areas: 
1. Investigations of the relationship of DLFs at 250 
and 500 Hz to DLFs at higher frequencies may identify a 
point (or range) along the frequency continuum at which the 
relative DLFs increase. Findings would be valuable for 
music educators responsible for planning appropriate musical 
activities for hearing-impaired children. 
2. The reactions of several subjects during the pitch 
discrimination test suggested a possible relationship 
between pitch discrimination ability and deficiencies in 
tonal memory. It is logical to assume that differences in 
tonal memory abilities exist between groups of hearing and 
deaf children, although there are no reports among published 
research studies that address this question. 
3. The nature of pure tone versus complex tone stimuli 
on the pitch discrimination abilities of deaf children was 
addressed by the researcher. However, since the present 
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study employed only complex tone stimuli, it is impossible 
to conclude that the complex tones affected DLF sizes. 
Additional studies that employ pitch discrimination tasks 
with complex wave forms, rather than pure tone stimuli, may 
have more relevance for music educators of hearing-impaired 
children, since all traditionally produced music consists of 
complex tones. Related studies that compare pitch discri­
mination of tones produced by different musical instruments 
might enable music educators to select the most appropriate 
instruments for their hearing-impaired students. 
4. Investigations that study the effect of carefully 
structured musical activities on the development of pitch 
discrimination skills of hearing-impaired children are 
necessary if optimal music learning situations are to be 
implemented for children with hearing impairments. The body 
of research related to music discrimination skills of 
hearing-impaired children is scanty as compared to current 
research findings regarding the development of pitch 
concepts in hearing children. 
Implications for Music Educators of 
of Hearing-Impaired Children 
The subjects in the present study demonstrated a wide 
variability in pitch discrimination ability. While several 
subjects were not able to reliably discriminate between the 
largest changes of frequency at 250 or 500 Hz, other 
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subjects demonstrated remarkable pitch discrimination 
abilities regardless of severe or profound hearing losses. 
Although larger DLF sizes were generally related to greater 
hearing losses, there were exceptions. The findings of 
previous researchers support the conclusion that it is 
impossible to reliably predict the absolute difference limen 
from the pattern of the hearing loss. 
The results from a multiple regression procedure 
revealed that the hearing level at 250 Hz was the best 
predictor of DLP size, although this predictor variable only 
explained 38% of the variance in the DLF at 250 Hz and 24% 
of the variance in the DLF at 500 Hz. An examination of 
students' audiograms, particularly the hearing level at 250 
Hz, may provide information about the nature of the hearing 
loss that will enable the music educator to meet individual 
needs of students. Assumptions that a child with a severe 
or profound hearing loss cannot achieve in music, however, 
are not supported by the present research. 
The absolute difference limen at 250 Hz were smaller 
than the absolute difference limen at 500 Hz. The relative 
difference limen, indications of the percentage of change of 
frequency, were similar at both reference frequencies. Most 
subjects were able to discriminate between the intervals at 
500 Hz with about the same success as at the reference 
frequency at 250 Hz, an octave below. This suggests that 
the range from approximately "b" below middle C to a twelfth 
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above may be an optimal range for musical materials with 
hearing-impaired students. 
Musical activities that provide opportunities to 
discriminate large changes of pitch (such as a change in 
pitch of an octave) may be beneficial for early musical 
experiences with hearing-impaired students of all ages. 
Subsequent activities that involve the discrimination of 
smaller intervals in the range described above can be 
gradually introduced. In the present study, approximately 
62% of the subjects had DLFs comparable to the interval of a 
minor third at both reference frequencies. The findings 
suggest that the DLFs might decrease to a size comparable to 
at least a minor second following appropriate practice in 
making pitch discriminations. 
The research procedures and method employed in the 
present study proved to be a useful diagnostic tool. The 
pitch discrimination test was easily administered, and aside 
from a high quality tape recorder and stereo headphone, 
there was no need for specialized equipment. The method 
would be quite adaptable to a teaching situation as a tool 
to assess students' pitch discrimination abilities. 
Music educators who work with hearing-impaired children 
should not assume their students understand the basic 
terminology that is commonly used to describe pitch. On the 
other hand, a language deficiency is not necessarily related 
to the ability to discriminate pitch. Activities should 
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involve a variety of communication modes, and opportunities 
should be provided for nonverbal responses to musical tasks. 
Concrete examples that illustrate pitch concepts are 
especially appropriate for hearing-impaired students. 
Activities such as using hand levels, gross body movements, 
and visual aids provide a concrete illustration of abstract 
pitch concepts such as "high" and "low." 
Although the subjects in the present study were 
selected from residential schools for the deaf, the 
implications of the results are applicable to hearing-
impaired children in other educational settings, including 
day schools for the deaf and mainstreamed classes in public 
or private schools. Nevertheless, music for deaf children 
is a relatively new idea for many music educators and 
educators of the deaf. Teaching suggestions that have been 
offered in the past often focused on the deaf child's 
ability to enjoy music through the tactile sense. Ideas for 
using musical instruments, therefore, are often limited to 
percussion instruments. The results from the present 
research suggest, however, that deaf children should not be 
limited to "feeling the vibrations" of music. These 
children should have expanded opportunities that include a 
balanced music curriculum. A "least restrictive environ­
ment" for music learning can be created by implementing 
music curriculums that provide for the special, 
individualized needs of hearing-impaired children. 
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APPENDIX A 
VARIABLE FREQUENCIES FOR PITCH DISCRIMINATION TEST 
250 Subtest 
Variable Af Af/f Trials 
353 Hz 103 Hz .41 10 
333 Hz 83 Hz .33 10 
315 Hz 65 Hz .26 10 
298 Hz 48 Hz . 19 10 
280 Hz 30 Hz .12 10 
265 Hz 15 Hz .06 10 
257 Hz 7 Hz .028 10 
253 Hz 3 Hz .012 10 
250 Hz 0 Hz .00 20 
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APPENDIX A 
VARIABLE FREQUENCIES FOR PITCH DISCRIMINATION TEST 
500 Subtest 
Variable Af Af/f Trials 
705 Hz 205 Hz .41 10 
665 Hz 165 HZ .33 10 
630 Hz 130 Hz .26 10 
595 Hz 95 Hz .19 10 
560 Hz 60 Hz .12 10 
530 Hz 30 Hz .06 10 
514 Hz 14 Hz .028 10 
506 Hz 6 Hz .012 10 
500 Hz 0 Hz .00 20 
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APPENDIX B 
QUESTIONNAIRE: HOME MUSIC BACKGROUND 
Name of Child 
Relationship to Child 
Circle the best answer. 
1. Do you have any of the following in your home? 
a. radio Yes No 
b. record player/stereo Yes No 
c. tape player . Yes No 
d. television Yes No 
e. piano Yes No 
f. guitar Yes No 
g. other musical instruments Yes No 
(list) 
2. Do any adults in the home listen to music? . . . Yes No 
3. Do any adults in the home play a 
musical instrument? Yes No 
If yes, what instrument(s)? 
4. Do any adults in the home sing around the child? Yes No 
5. Have any adults in the home had formal music 
training (private lessons, school instruction 
on instrument or voice)? Yes No 
If yes, please describe. 
6. Are any adults in the home involved in a 
music-related occupation? Yes No 
If yes, please describe. 
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HOME MUSIC BACKGROUND (Page 2) 
7. Do any adults in the home currently participate 
in any musical group? Yes No 
If yes, please describe. 
8. Do any adults in the home attend 
musical concerts? Yes No 
If yes, how often? (circle one) 
weekly at least monthly 
at least twice a year at least yearly 
9. Does the child have any brothers or sisters 
at home? Yes No 
10. Do the brothers or sisters listen to music 
at home? Yes No 
11. Do the brothers or sisters play any 
musical instruments at home? Yes No 
If yes, what instruments)? 
12. Do the brothers or sisters sing at home? . . . Yes No 
13. Do the brothers or sisters take music lessons 
in or out of school? Yes No 
If yes, what kind of lessons? 
14. Do the brothers or sisters participate in any 
musical groups in or out of school? Yes No 
If yes, what kind of musical group? 
15. Has the child ever taken music lessons 
outside of school? Yes No 
If yes, please describe. 
Length of study years 
16. Does the child attend musical concerts? . . . Yes No 
If yes, what type? community school church 
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HOME MUSIC BACKGROUND (Page 3) 
17. Which of the following musical activities does your 
child seem interested in at home? (Check all that 
apply.) 
a. singing 
b. listening to the radio 
c. playing records/tapes 
d. watching musical programs on TV 
e. dancing 
f. playing musical instruments in the home 
g. other 
18. Do you feel musical activities are of value for 
hearing-impaired children in general? Yes No 
Do you feel musical activities are of value for 
the hearing-impaired child in your family? . . Yes No 
19. Please make a mark (with an "X") on this line at the 
point that best indicates your opinion of the value of 
music for deaf children. 
no value great value 
Please make any additional comments about your child's 
musical activities in the home that you think would be 
helpful. 
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APPENDIX B 
QUESTIONNAIRE: MUSIC ACTIVITIES IN THE CLASSROOM 
Teacher's Name 
Name of School 
1. How long have you taught hearing-impaired children? 
years 
How long have you taught hearing children? years 
2. Please list any music courses you completed during your 
undergraduate or graduate work (methods courses, private 
lessons, musical groups, etc.). 
3. What informal music training have you received (private 
lesssons, church or community choir, dance, etc.)? 
4. Have you received any special training in music for 
hearing-impaired children (workshops, continuing 
education courses, inservice training, etc.)? 
5. How often do the children in your class participate in 
music-related activities? 
at least daily 
at least once a week 
at least twice a month 
at least monthly 
at least twice a year 
once a year 
never 
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6. Please check any of the following music-related 
activities you use in your classroom. 
playing musical instruments 
dancing 
singing/signing songs 
attending musical performances 
movement exercises 
discussing music/musicians 
listening to music 
reading music notation 
other 
7. If you plan music-related activities for your class, 
which of the following describe your objectives? Please 
check all that apply. 
language development 
speech development 
motor development 
aural awareness 
develop skills in playing musical instruments 
develop an appreciation of music 
develop musical concepts about rhythm, melody, etc. 
self-expression through music 
aesthetic development 
social development 
relaxation 
recreation 
other 
8. Have you noticed any children in your class who seem to 
exhibit a particular interest or ability in music? If 
yes, please briefly describe your observations. 
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MUSIC ACTIVITIES IN THE CLASSROOM (Page 3) 
9. On the following line, please indicate with an "X" your 
opinion of the value of music for deaf children. 
1 ; T—' no value great value 
Please make any additional comments you feel would be of 
interest regarding music for deaf children: 
PLEASE CHECK TO BE SURE THAT ALL ANSWERS ARE COMPLETE. 
THANK YOU FOR YOUR TIME AND COOPERATION. 
PLEASE RETURN TO: 
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APPENDIX C 
AUDIOMETRIC THRESHOLDS FOR SUBJECTS AT 
FREQUENCIES 125 HZ TO 4000 HZ 
School A 
Frequency 
125 250 500 1000 2000 4000 
Group 1 
(older subjects) 
Subject 1 40 50 55 70 75 70 
2 45 35 60 80 100 NR* 
3 55 65 75 90 75 80 
4 NR 70 65 70 NR 95 
5 NR 70 80 75 90 NR 
6 65 70 90 95 100 NR 
7 25 35 40 65 100 NR 
8 NR 75 90 100 100 100 
9 75 70 75 95 95 NR 
10 55 60 70 70 70 60 
Group 2 
(younger subjects) 
Subject 1 60 75 95 95 100 80 
2 ** 70 90 105 100 105 
3 ** 75 85 85 90 85 
4 50 57 83 110 NR NR 
5 35 45 80 NR NR NR 
6 75 85 85 80 105 80 
7 25 40 70 75 75 70 
8 55 60 75 80 75 80 
9 30 45 60 75 90 75 
10 75 85 105 100 90 110 
*No response. The hearing level exceeded the limit of the 
audiometer at that frequency. The limits of the audiometer 
were 75, 90, 110, 110, 110, and 110 dBs for the frequencies 
125, 250, 500, 1000, 2000, and 4000 Hz, respectively. 
**Not available. 
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AUDIOMETRIC THRESHOLDS FOR SUBJECTS AT 
FREQUENCIES 125 HZ TO 4000 HZ 
School B 
Group 3 
(older subjects) 
125 250 
Frequency 
500 1000 2000 4000 
Subject 1 60 75 95 100 100 95 
2 80 85 90 100 110 NR 
3 60 85 90 95 100 100 
4 NR NR 85 100 90 95 
5 ** 50 55 75 80 80 
6 65 90 95 105 95 105 
7 75 75 90 100 105 NR 
8 45 65 80 90 95 NR 
9 ** 65 70 85 85 80 
Group 4 
(younger subjects) 
Subject 1 • * 85 95 100 110 NR 
2 45 50 70 90 NR NR 
3 ** 75 80 100 100 NR 
4 75 75 90 80 85 85 
5 50 55 75 85 90 NR 
6 50 55 75 80 80 NR 
7 ** 55 55 60 65 70 
8 ** 60 60 60 55 50 
9 70 75 90 110 100 95 
10 ** 80 95 95 80 90 
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APPENDIX D 
DIFFERENCE LIMEN FOR FREQUENCY FOR INDIVIDUAL SUBJECTS 
School A 
Group 1 (older) 
Subject 1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
Group 2 (younger) 
Subject 1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
Schooi B 
Group 3 (older) 
Subject 1 
2 
3 
4 
5 
6 
7 
8 
9 
Group 4 (younger) 
Subject 1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
250 Hz 
24.4 
17.5 
28.9 
40.5 
23.8 
39.0 
2 6 . 2  
2 6 . 2  
>103.0 
34.5 
>103.0 
39.0 
59.8 
39.9 
22.5 
>103.0 
34.5 
36.8 
25.3 
>103.0 
101.3 
69.5 
78.5 
41.2 
33.0 
45.8 
74.0 
39.0 
>103.0 
>103.0 
27.5 
2 8 . 8  
95.5 
41.6 
2 6 . 2  
34.5 
50.8 
>103.0 
56.5 
500 Hz 
65.8 
2 6 . 0  
56.2 
8 6 . 2  
45.0 
>205.0 
8 6 . 2  
121.2 
>205.0 
92.5 
100.8 
52.5 
100.8 
80.4 
92.9 
190.0 
73.1 
77.5 
49.3 
198.3 
>205.0 
121.2 
112.5 
8 6 . 2  
50.6 
77.5 
>205.0 
77.5 
116.9 
>205.0 
49.3 
8 6 . 2  
84.1 
81.9 
2 6 . 0  
6 6 . 2  
77.5 
124.2 
135.8 
> = greater than 
